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1.0 GENERAL DESCRIPTION 


The T5C Baseband Driver performs a number of functions. 

Refer to Block Diagram C13820B3D. First, it amplifies the output 
of the T4C Baseband Filter module to a level required by the D1 
Sampler module input including the cable loss from "D" rack to 
Screen Room. 

Second, the output level is stabilized by a Sample and Hold 
ALC loop during the time the IF signals are being received at the 
Central Electronics Room "D" rack at the "Cal Off" period (the 
time the Front End calibration noise source is turned off). The 
detector for this level can either be the D1 Sampler Input Level 
detector (normal operation) or the internal T5C Precision Square 
Law Detector (used for ALC bench testing). By using the D1 
Sampler Detector the level can be more precisely set at the input 
to the sampler, because the coax cable/filter loss (which varies 
from "D" rack to "D" rack) is within the loop. 

Third, a precision synchronous Square Law Detector in the 
T5C Baseband Driver is used to'derive the "SYN" and "Cal Off" 
voltages from which the '^gys^'^CAL calculated after 

the final analog filtering in the T4C Baseband Filter, for use in 
the spectral line observing mode. This can be used to calibrate 
out Front End noise temperature variations and signal/noise ratio 
variations from the IF transmission system versus frequency. 
However, IF transmission compression effects must be compensated 
to assure accuracy. 


2.0 CIRCUIT DETAILS 

2.1 Module Shielding and Filtering 

Refer to module Schematic D13820S1E. Because of the 
operating frequency range of 200 KHz to 50 MHz in the T4C 
and T5C baseband system, special precautions had to be taken 
to insure adequate shielding and filtering to prevent interference 
from LO and digital signals. Special modules were designed 
with shielding as the prime concern. To prevent interference 
from LO signals (5 MHz and above) the module was designed 
with tight fitting lids (with eleven fastening screws rather 
than the usual six), and all inputs and outputs filtered. 
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through shielded compartments. All power supply lines are 
filtered with n section low pass feedthrough filters. All 
digital signals are fed through 0.01 |jF feedthrough capacitors 
to not degrade rise and fall times excessively. No wires or 
cables enter or leave the chassis without feedthrough filtering 
or proper grounding. This prevents signals entering the 
module flowing on the outsides of coax, for example. 

However, even these steps proved inadequate for lower 
frequency interference from the fundamental and harmonics of 
various digital communications system clock signals. The 
worst culprit, in this case, was a 10 KHz LED driver clock 
signal from the M2 Data Tap module. It and its harmonics 
could enter the module on any of the power supply buss lines 
common to the entire "D" rack. Since the specified bandwidth 
of operation in the entire baseband system is 200 KHz to 50 
MHz with less than 1.5 dB peak to peak variation, and since 
signal levels are low in several locations, serious interference 
could occur in the spectral line mode which uses the narrower 
and consequently lower frequency filters. 

k filter for general use on the T3, T4, T5 module power 
supply lines consists of a 250 pH low resistance choke with 
a 33 pFd low series resistance tantalum capacitor. This 
provides -30 dB attenuation at 10 KHz under worst case 
conditions. The capacitors are mounted on the printed 
circuit boards in the T4C and T5C modules. The chokes are 
mounted inside the rear module shielded compartment near the 
Amp connector. 

The T4C and T5C module housing are unique designs that 
provide shielding, optimum air flow, and excellent grounding 
for the microstrip and analog printed circuit boards. 

Maximum air flow is achieved by using the largest diameter 
holes consistent with the mechanical constraints of the top 
and bottom rail design. The holes are small enough to also 
provide adequate shielding in the operating frequency range. 

The modules are designed such that the PC boards are 
accessible from both sides by removing each side plate for 
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ease in servicing. By using adjustable divider rails, PC 
boards can be moved to different positions within the module. 
Also PC boards of different sizes can be accommodated for 
versatility with possible future changes. 

Microwave power transistors or hybrid amplifiers (such 
as those used in the T5C modules) can be readily heatsunk to 
the top or bottom rails using special heatsink brackets that 
allow for short RF connections to the PC board microstrip 
lines as well as low thermal resistance. These heatsink 
brackets can be moved to any rail location again for versatility 
with possible future changes. 

2.2 ALC Driver Amplifier Assembly A2 

Refer to Schematic C13820S6F. To obatin excellent 
phase stability versus temperature, along with non-variation 
of amplitude and phase non-linearity of the 200 KHz to 50 
MHz passband over the typical ALC range of the T5 module, a 
differential amplifier ALC system is used. 

A pin diode or "mixer" type variable attenuator constitutes 
a variable resistance to vary attenuation. If a single 
device is driving any substantial reactance at the load, the 
phase linearity versus passband response will vary with 
varying attenuation. Another requirement of operation of 
such a device, is low level RF drive to minimize intermodulation 
distortion. 

A differential amplifier ALC with a 51Q input and 
output load resistance resolves these problems while providing 
excellent phase stability versus temperature. 

The CA3102E transistor array forms the differential 
amplifier in the T5C ALC system. Because the amplifier gain 
is based on the difference in RF voltage across the two 
transistor base to emitter junctions, and because these 
transistors are closely matched, the phase stability versus 
temperature is excellent. Since the input and output are term¬ 
inated immediately in 51Q, and only the voltage gain and not 
input and output impedances change with ALC voltage, the phase 
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non-linearity versus passband response versus ALC voltage 
remains constant. 

Phase change versus ALC has been measured at less than 
0.6°/dB at 50 MHz at the typical operating point over a 
±10 dB range, for this particular amplifier after frequency 
compensation. Phase non-linearity versus passband response 
was measured at less than 2° from 10 MHz to 50 MHz. This 
varied less than 2° per ±10 dB ALC variation about the 
typical operating point from 10 MHz to 50 MHz. 

Frequency compensation is required because of the 
uncompensated amplifier. This is accomplished through the 
use of a 10 pF capacitor in a positive feedback configuration. 
Passband amplitude variation will only occur as a result of 
component tolerances, and otherwise was shown to be negligible 
over a 10 MHz to 50 MHz range. 

Maximum gain of the amplifier was measured at +3.1 dE 
at -0.7 VDC. Minimiim gain (or isolation) was measured at 
-62 dB 3t -6.0 VEC at 50 . 

Hybrid amplifiers GPD 461, GPD 462 and GPD 463 (with 
heatsink) comprise most of the gain in the Driver Amplifier. 
Because all 3 stages along with the ALC amplifier were 
contributing significantly to module co.mpression, -12.5 dB 
of attenuation was added to the ALC amplifier input to 
compensate for the +12.5 dB of extra power amplifier gain 
while keeping the ALC amplifier operating near it's most 
stable (versus temperature) range. 

Power Amplifier/Square Law Detector Assembly A3B 

To minimize compression in the T5C output stage a two 
stage discrete transistor power amplifier is utilized. This 
was required as the result of the inability of any available 
hybrid driver amplifier to operate at a required power level 
of +16.5 dBm - 12.5 dBm = +4 dBm with less than 1% compression. 
The E1E5 stage Q1 is identical to the power amplifier of the 
obsolete ASA board. A Schematic of the obosolete version is 
given in Appendix 8.2, Drawing No. C13820S5H, for reference 
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The new version two stage amplifier is shown in Schematic 
C13820S5L. 

Both stages operate on the resistor negative feedback 
Class A mode for low distortion and 500 input/output matching. 
Resistor values have been chosen to obtain this matching, 
and thereby result in a gain of +12.5 dB per stage independent 
of transistor h^. Passband flatness in both stages is 
limited by three major effects. First the passband performance 
of the collector choke limits flatness, especially at high 
PC currents ::hich tend to saturate the core. .^ special 
choke was wound on stacked iron cores, for high inductance 
at 200 KHz with DC current and simultaneous low interwinding 
capacitance. At zero DC current the shunt effect of the 
inductor in a 50Q system was measured at -0.00 dB at 200 KHz 
and -0.07 dB at 50 MHz. Because of the minimal effect on 
passband response the temperature variation of the inductor 
core material should have negligible effect on system phase 
stability. 

The second passband rolloff effect is due to the series 
inductance of the emitter resistor. Inductance will cause a 
gain decrease IF comparable to the collector impedance. 

Therefore 4 resistors with short leads and wide PC board 
pads are used in parallel to minimize this effect. 

The third major contribution to passband rolloff is due 
to positive feedback through the power supply lines with 
cascaded amplifiers. This will occur usually at low frequencies 
(due to the ineffectiveness of power supply bypass capacitors) 
and will result in a peaking of the total gain response 
toward the 200 KHz end. Because the coupling capacitor 
reactances limit lov? end frequency response total gain will 
peak at some frequency below 200 KHz. Since this peaking is 
the opposite effect as passband rolloff at the high frequency 
end, it, in effect, contributes to total passband rolloff. 

This effect has been minimized through the use of large 
value, low series resistance and low series inductance 
tantalum bypass capacitors. If frequency compensation is 
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desired later, this effect will have to be corrected indepen¬ 
dently of the high frequency rolloff to minimize passband 
phase non-linearity. 

No frequency compensation has been added to any of the 
baseband amplifier stages with the exception of the ALC 
amplifier in the T3, T4 and T5 modules since it appeared 
that the passband response design goals could be met without 
it. 

Passband response profiles of the two stage amplifier 
have not been made at this time. However, earlier measurements 
of the single stage A3A amplifier (somewhat in compression) 
indicated -0.55 dB total amplitude rolloff with a total 
phase non-linearity of 3.7° peak to peak from 200 KHz to 50 
MHz. 

Total amplifier compression in the T5C module was 
measured at -1.3% or -1.5% at actual system noise power 
output levels for two modules. 

The precision Square Law Detector is a BD-4 back diode. 

A back diode is used for combined linearity and temperature 
stability. A hot-carrier diode is totally unsuitable for a 
temperature stable detector. Because of the low DC level 
out of the diode, a very low input offset voltage bipolar OP 
Amp (OP-05-EY) was required as a preamplifier. 

"CERMET" trimpots for the OP ^np gain and offset adjustments 
were found to be unsuitable because of wiper contact problems 
resulting in 10 times worse temperature stability than the 
"CERMET" material specification along with significant low 
frequency noise. 

Thus wirewould trimpots were chosen instead. These 
trimpots have a disadvantage in that they have limited 
resolution. Thus a fixed gain control resistor R20 has to 
be chosen during module checkout to provide a coarse adjustment. 

Precision measurement of diode non-linearity on noise 
power at the system operating point resulted in -0.7% or 
-2.7% absolute compression for two different modules. 

Temperature stability at the normal operating point for the 
complete T5C breadboard detector and amplifier resulted in 
0.1%/°C error. 
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2.4 


Synchronous Detector/Gated ALC Loop Amp Assembly A1 

Refer to Schematic D13820S4F. 

The synchronous detector in the T5C Baseband Driver had 
some stringent requirements on stability and accuracy. For 
this reason ultra-low offset voltage bipolar Op Amps are 
used in the detector circuit. Offset trimpots were unnecessary 
with these amplifiers resulting in simpler module set-up and 
less possibility of operator error. Bipolar Op Amps also 
have a major advantage over JFET Op Amps (commonly used in 
synchronous detectors) in that input offset voltages will 
remain stable with time. However, higher input bias and 
offset currents require smaller sample and hold timing 
resistances, to minimize total input offset voltage. Thus 
large value low leakage polycarbonate capacitors (10 pF) are 
required. 

Detailed analysis of synchronous detector and ALC loop 
amplifier worst case errors is given in Figure 2.4.2. Note 
that a "Gain Match" potentiometer (again wirewound) was 
utilized to match the input gains of the difference amplifier 
U4, determined by 1% resistance values. 

AD 741 LN Op Amps are used as output buffers to isolate 
the system from DCS noise feeding back from the T6C module. 
"SYN", "CAL OFF", and "ALC" monitor voltages are isolated in 


this manner. 

Figure 2.4.3 shows the relationship of V 
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2.5 Voltage Regulator Assembly A4 

The ALC amplifier on the ALC/Driver amplifier requires 
±6 VDC for proper operation. Three terminal IC regulators 
of the 7805 family were found to be inherently unstable. 

Because of the broad frequency range of the T5C module, 
these were abandoned in favor of a simpler stable Zener 
diode system. The Schematic is given by B13820S7D. 

3.0 FRONT PANEL INDICATORS AND CONTROLS 

3.1 Total Power Meter 

This meter is connected to the "CAL OFF" output of the 
synchronous detector. Thus it is always connected to the 
T5C internal square law detector. It is calibrated to 50 pA 
(+5 VDC @ OFF^ +16.5 dBm output. Note that in the 

system it will read higher than 50 pA because of cable 
losses to the sampler module, which is normally used to set 
the T5C output level. 

3.2 Monitor Jacks 

"DET" is connected to the detector line that feeds the 
ALC loop filter. In normal operation the detector switch on 
the A1 card is in the "D1 Sampler" detector position, and 
this monitor jack will read the sampler detector output at 
+5.00 VDC gated with the modem T/R pulse. In the test 
position (switch in the "T5" detector position) this monitor 
jack will read the internal T5C detector output. If the 
internal switch is accidently left in the test position when 
placed in the system, both the total power meter and the 
detector monitor jack will read +5.00 VDC. 

"CAL ON" is connected to the A1 card "CAL ON" synchronous 
detector output. This voltage is sampled when the front end 
calibration noise source is turned on. Therefore in normal 
operation it would be 3 to 10% higher than the "CAL OFF" 
monitor jack. 

"CAL OFF" is connected to the A1 card "CAL OFF" synchronous 
detector output. This voltage is sampled when the front end 
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calibration noise source is turned off. It should normally 
read somewhat higher than +5 VDC in the system. 

"SYN" is connected to the difference amplifier output 
of the T5C synchronous detector output. The difference 
amplifier has a gain of 10 so that 

T V X 10 

SYS _ CALOFF 

T V 

CAL SYN 

The percentage increase is normally 3 to 10% of 5 VDC. 
Therefore Vgyjj should be positive and between 0.15 and 0.5 
VDC. If it is negative, check the gating system. 

"ALC" is connected to the ALC voltage feeding the A2 
card ALC amplifier. This voltage is clamped to -6.7 volts 

au guiu Uuu auout -C. / v'Oi.La uu luax^uiUiii gam ay 

Zener diode CR7 on the A1 card. At normal system operation 
it should read about -4 VDC. When the T5C module is first 
plugged into the rack this voltage will be at maximum gain 
-0.7 volts until the integrator capacitor charges to its 
normal state. Also the total power meter will peg high as a 
result. 

3.3 "Gain" Control 

This pot is connected to the ALC amplifier input when 
the T6C Baseband Control module is switched to the manual 
position for that channel. Clockwise is increasing gain. 

3.4 "Baseband Out" BNC Jack 

This jack is connected to the output of the T5C power 
amplifier through a -40 dB resistor voltage divider network 
when both the T5 output and the BNC jack are terminated in 
50Q. 

Note that this is connected to a resistive voltage 
divider and not a directional coupler. Therefore the total 
voltage across the T5C output is being measured and not 
forward power. Total voltage is the sum of the forward 
voltage and the return voltage from the Screen Room filters 
and sampler input return losses. 
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Calculation of raaximum in-band (200 KHz - 50 MHz) 
amplitude ripple and frequency due to D1 sampler and Screen 
Room filter VSWR as measured at T5C "Baseband Out" BNC 
monitor jack is given below: 

Assume cable loss negligible 
D1 Sampler ps = .056 for s = 1.12 max 
70 MHz LPF pf = .20 for s = 1.5 max 
Total coax to LPF 100 ft > £ > 50 ft. 


"Baseband Out" ripple„„ < 20 dB LOG,- ( ) 

PP - 10 ^ l-(ps+pf) 

> (Hz) 


<4.5 dB WORST CASE 
PP 


"ripple —21 


max 


. (.66)(3xl0* m/s) _ - 

- 2 (30.48m)- ‘ 

max 

< (Hz) 


ripple - 2 1 

j6_ 

2 (15.24) 


min 

(66)(3xl0^m/s) _ 


7.5 MHz for 50 ft. 


Calculation of maximum in-band (200 KHz - 50 MHz) amplitude 

ripple due to D1 sampler, Screen Room filter and T5C VSWR as 

measured at D1 sampler input is given below: 

Assume cable loss negligible 

D1 Sampler ps = .056 for s = 1.12 max 

70 MHz LPF pf = .20 for s = 1.5 max 

T5C output pt = .060 for s = 1.13 max 

D1 input ripplepp < 20 dB LOG^^ ( i!^t(ps+pf) ^ 

< 0.27 dB worst case 
PP 
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4.0 TEST PROCEDURE 

Check wiring harness with ohmmeter against module Schematic 
D13820S1. 

Check that all IC's are oriented properly in their sockets. 
(Dot on component side marks Pin 1. Tab on TO-99 packages marks 
Pin 8.) DO NOT confuse these markings. 

Check that GPD amplifiers are correctly mounted against 
board. (fl marks tab of GPD amplifier.) 

Set power supply voltages at filter inductors for ±10 mV. 

Place T5B in Manual mode and turn Front Panel Gain Control 
clockwise. Check for increasing power output past +20 dBm. If 
this cannot be obtained, check to be sure the ElE and CD2810 are 
soldered in correctly. Removing A3-P1 should lower +28 VDC power 
supply current by 200 mA if power amplifiers are functioning 
properly. 

If the ALC Driver Board lacks output check for -1 to -6 
volts on line as gain is adjusted. Use a high speed scope 

(such as a 475) to trace through the various stages for signal if 
Valc satisfactory. 

Place spectrum analyzer on output jack. If oscillation 
appears (usually near 900 MHz) at any given setting of the Front 
Panel Gain Control, check all component values, plated-through 
holes, and chip capacitors for leaching. (Sudden changes in 
meter reading versus gain control setting is also a symptom of 
this problem.) 
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BASEBAND ALIGNMENT PROCEDURES 
T5B Alignment - as follows 

4.1 Test Set-up 


+ir -IS b 



>A TTi.'A 7 
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4.2 Detector "OFFSET" Adjustment 

Terminate J2 (baseband input) and connect J1 (baseband 
output) to HP8482A power sensor. Turn T5B front panel gain 
to minimum in manual mode. With left side panel secured to 
module let module stabilize to room temperature. (Approximately 
^ hour.) 

Install 71.5 Kfl 1% resistor at R20 on A3 board. 

nTTvi TM?>r j adjust "Offset" pot on 

A3 board for 0.0000 ± .0005 VDC output. 

4.3 Detector "GAIN" Resistor Selection (F ' and Gain Adjustment 

Connect J2 (Baseband Input) to noise source through 
fixed attenuator pad selected to give approximately -28.5 
dBm noise power as measured with HP8482A and HP435A. Record 
level. 

Connect DVN to "DET" and "GND". 

Connect J1 (Baseband Output) to HP8482A power sensor. 

With T5B in manual mode, adjust front panel manual gain 
control for +16.5 dBm output power. 

Set power meter cal factor for 30 MHz. 

Measure detector voltage with A3 Board "Gain" adjust 
trimpot at minimum and maximum settings. Calculate R 2 Q 
value using following formula: 

n = R _10_ 

20 20(Initial) 

Insert R.,^ on A3 board and set "Gain" adjust trimpot for 
+5.000 + .001 VDC output at "DET". Check front panel meter 
for midscale. Change R 2 Q if necessary. 

Recheck offset. 

4.4 Synchronous Detector "Gain Match" Adjustment 

Set SI on A1 Board to T5 detector position. 

With "DET" at 5 VDC as in 4.3, move DVN to "SYN" and 
"GND". 
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Adjust "Gain Match" trimpot on A1 Board to 0.000 VDC ± 
.001 VDC averaged over many DVM samples. 

4.5 (A) Check Front Panel Voltages 

(Use set up of 4.4.) 

DET = 5.000 ± .001 VDC 
CAL OFF = 5.000 ± .005 
CAL ON = 5.000 ± .005 
SYN = 0.000 ± .001 VDC 
ALC ~ -4.0 VDC 

(B) Check DCS Voltages at Test Fixture Outputs 
DCS CAL OFF = 5.000 ± .005 VDC 
DCS SYN = 0.000 ± .001 VDC 
DCS ALC ~ -4.0 VDC 

4.6 Check ALC Operation 

(Use set up of 4.4.) 

Set SI on A1 Board to T5 Detector position. 

Set T5B in automatic mode and remeasure front panel 
voltages after stabilization. 

DET = 5.00 ± .15 VDC 
CAL OFF = 5.00 ± .020 VDC 
CAL ON = 5.00 ± .020 VDC 
SYN = 0.000 ± .001 VDC 
ALC ~ -4.0 VDC 

4.7 Return SI on A1 Board to D1 Sampler Detector Position 
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T5B ALIGNMENT RESTTT.TS 


Module Serial No. 
Date _ 

By_ 


DET = __ V 

CAL OFF = _ V 

CAL ON = _ V 

SYN = _ V 

ALC = _ V 

DCS CAL OFF = _ V 

DCS SYN = _ V 

DCS ALC = V 


(From 3.) 


(From 5.) 


DET (AUTO) = _ V 

CAL OFF (AUTO). = _ V 

CAL ON (AUTO) = _ V 

SYN (AUTO) = _ V 

ALC (AUTO) = _ V 


(From 6.) 
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GPD-400 Series 
Patented* 



Thin Film Amplifier 
5 to 400 MHz 


Miniature 

Transistor 

Amplifier 


c 


FEATURES 

• Low Cost 

• Cascaclable 

• Low Profile TO-12 (4-leaded TO-5) Package 
® Thin Film Sapphire Construction 

9 Over 6 Octaves of Amplifier Bandwidth 

• Avantek® Silicon Transistor Chips 


L 


DESCRIPTION 

The GPD is a complete transistor amplifier, ready to operate in a microstrip circuit upon application of DC voltage. Packaged 
in-a miniature TO-12 transistor package, the Avantek' GPD serves as a completely cascadable amplifier, without bandwidth 
shrinkage, from 5 to 400 MHz. The low frequency response of the GPD-460 series may be set arbitrarily low by selection of 
external series input and output capacitors, and the DC bypass capacitor. 

The Avantek GPD is an entirely new kind of basic device, designed to provide the circuit engineer major savings in both time 
and money. Various gain and power output choices are available to permit the user to cascade modules to meet the 
performance characteristics required in his equipment design. Small size, excellent performance, ready availability and 
substantial cost savings in equipment manufacture and parts handling are significant advantages that can be gained over 
standard discrete component methods of manufacture by the use of GPD amplifiers. The costly and time-consuming 
problems accompanying in-house amplifier design, construction and testing can be totally avoided by inserting GPD's, either 
singly or cascaded, into a system circuit. 

The Avantek GPD is a wideband, single-stage unit of gain, featuring flat response across its greater-than-six-octave bandwidth. 
The tiny GPD modular amplifier is made with highly reliable ceramic substrates, Avantek microwave transistor chips, thin 
film circuits, thin film resistors and chip capacitors. All the complex circuitry is encapsulated inside the tiny TO-12 package. 
The using engineer is spared the normal frustrating RF design problems — impedance matching networks, feedback loops, 
biasing and stabilization elements. 

APPLICATIONS; 

The GPD-400 Senes amplifier is designed for applications requiring very broadband amplifiers, preamplifiers, isolation 
amplifiers, and IF amplifiers. The patented circuit design of the GPD permits cascading of units to achieve gain up to any 
desired level without interstage matching when cascaded in 50-ohm systems. The specified band edges (5 to 400 MHz) are not 
3 dB points, but are the points between which the specified gain performance is guaranteed. The low frequency response of 
the GPD-460 units may be set as close to DC as required. 
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INSTALLATION AND OPERATING INSTRUCTIONS: 


GPD-400 Series 


Installation of the GPD amplifier is similar to the installation of any standard semi-conductor product in a TO-8 or TO-5 
package. A clamp is provided to secure the GPD firmly to the ground plane. This step insures positive contact between the 
GPD package and the ground plane so that no problems with VSWR or oscillation in a multi-stage system will be 
encountered. 

The GPD amplifier is designed for use in a 50-ohm microstrip system. It can be used in other impedance systems, but 
performance may be degraded. 

The microwave transistor used in the GPD must be protected trom current surges which may be generated by energy storage 
in system capacitances. Always remove bias voltages from the GPD before inserting or removing the unit under test. 

The use of a high-pass filter and/or pad is recommended at the output of gas-discharge-tube noise sources. This protects the 
transistor in the amplifier from possible high-level ignition-pulse transients which may appear at the RF output ports of these 
generators (see appropriat-a manufacturer's litere: ir-,- L:.':; . 


The amplifiers may be stored at temperatures from -65°C to -t-200°C. The transistors are silicon and all metallization is gold. 
The operating case temperature is specified at -!-71°C (■H60°F). The amplifiers will operate reliably at temperatures through 
+ 125°C (+257°F) although an external heat sink should be used, particularly on the GPD-403. 

More information concerning applications and use of the GPD amplifier is available from Avantek. Write for the Applications 
Bulletin Designing With GPD Amplifiers. 
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MICROWAVE ® CLASS A LINEAR RF POWER TRANSISTORS 



GENERAL DESCRIPTION - The ElE & FIE are specifically designed 
for operation in Class A broadband or narrow-band applications covering 
the frequency range of 200-3000 MHz. 


FEATURES 

• SUPERIOR LINEARITY DUE TO HIGHER f t • 

• MAXIMUM RELIABILITY DUE TO SINGLE CHIP CONSTRUCTION. 

• GREATER HIGH FREQUENCY PERFORMANCE IN LOW INDUC¬ 
TANCE CERAMIC STRIPLINE PACKAGES. 

• DEAL FOR USE IN LINEAR APPLICATIONS REQUIRING OPERA¬ 
TION IN CLASS A DUE TO IMPR0\T:D FORWARD BIASED SAFE 
AREA. 




COMMUNICATIONS TRANSISTOR CORPORATION 
301 InCustrial Way, San Carlos, Calitornia 94070 


An Affiliate of Eimac/Varian 
(415) 591-8921 TWX 910-376-4893 


ElE. FIE Aug. 1973 2.0.8.3D 




Ic-COLLECTOR CURRENT-AMPS P9-PO\VER GAIN -ilB Po-POWER OUTPuf-dB' 


COMMUNICATIOiMS TRANSISTOR ElE ®F1E 























COMMUNICATIONS TRANSISTOR ElE ^FIE 









COMMUNICATIONS TRANSISTOR E1E •FIE 
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COMMUNICATIONS TRANSISTOR ElE ©FIE 


ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

MAXIMUM TEMPERATURES E1E FIE 

Storage Temperatures -65“ C to + 200“ C -65“ C to + 200“ C 



Operating Junction Temperatures 

Lead Temperature (Soldering 8 seconds time limit) 

200“ C 

200“ C 

•1 

^1 

< 1/32" from Ceramic 

260“ C 

260“ C 


MAXIMUM POWER DISSIPATION (Note 2) 




Total Power Dissipation at 25“ C Case Temperature 

5.3 W 

5.3 W 


MAXIMUM VOLTAGES AND CURRENT 




BVcbo Collector to Base Voltage 

50 V 

50 V 

Mi 

BVggo Emitter to Base Voltage 

4 V 

4 V 


LVqeo Collector to Emitter Voltage 

20 V 

20 V 


Iq Collector Current 

.25 A 

.25 A 


ELECTRICAL CHARACTERISTICS (25“C unless otherwise specified) 



SYMBOL CHARACTERISTIC 

E1E 

FIE 

UNIT 

LIMIT 

TEST CONDITIONS 


100% TESTED AND GUARANTEED 


Pg 

Power Gain (Note 3) 

9.0 


dB 

MIN. 

f= 1 GHz 

— 




7.0 

dB 

MIN. 

f = 2 GHz 


‘-''CEO 

Collector to Emitter Voltage 

20 

20 

VOLTS 

MIN. 

Ic = 10 mA 


bvebo 

Emitter to Base Voltage 

4.0 

4.0 

VOLTS 

MIN. 

Ic = 5 mA 


BVcbo 

Collector to Base Breakdown Voltage 

50 

50 

VOLTS 

MIN. 

Ic = 10 mA 


Hfe 

Current Gain 

20 

20 

... 

MIN. 

VcE = 5V. Ic = 50 mA 

•.«.,« i,.. 









NOTES: 

1. At 1 dB compression point. 

2. These ratings give a maximum junction temperature of 200“ C with junction to case thermal resistance of 33“ C/watt. 

3. Values measured at bias point: = 15 Volts, Ic = 120 mA. 
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HIGH EFFICIENCY ULTRA-LINEAR TRANSISTOR 


GENERAL DESCRIPTION - This device is a silicon NPN 
transistor designed for high efficiency high linearity class 
A operation in UHF (bands IV and V) television transmit¬ 
ters and transposers. 


Maximum Voltages and Currents 

®^CES Collector to Emitter Voltage 

®^EBO Emitter to Base Voltage 

I c Collector Current 


50 V 
4.0 V 
0.5 A 


ELECTRICAL CHARACTERISTICS (25'‘C unless otherwise specified) 


PACKAGE 




SYMBOL 

CHARACTERISTICS 

MIN. 

TYP. 

MAX. 

UNITS 

TEST CONDITIONS 

— 

Pn 1 

0 Sync 

Power Output 

.75 

0.9 


WATTS 

^vision — MHz 

Vcc=+25V lc = 200 mA 
dim = -60 dBc 


Gp 

Power Gain 

8.0 

9.2 


dB 

^vision ” MHz 








Vcc = +25V 1 Q = 200 mA 
dim =-60 dBc 



Collector Efficiency 


18 


% 

fvision = 800 MHz 


ejc2 

Thermal Resistance 


11.0 

13.0 

”C/W 

Vcc=+25V lc=200 mA 
dim = -60 dBc 

IR Scan 


Junction to Case 





Vcc = +25V Ic = 200 mA 


'’FE 

DC Current Gain 


50 



IC = 100 mA 

VCE = +5V 


^OB 

Collector to Base 


4 


pp 

VCB = +25V 



Capacitance 





lE = 0 f =1.0 MHz 


®''ebo 

Emitter to Base 

Voltage 

4 



VOLTS 

1^ = 5 mA 


^''CES 

Collector to Emitter 
Voltage 

50 



VOLTS 

IC =20 mA 


L 


NOTES: 

1. European three tone test method: vision carrier -8 dB, sound carrier -7 dB, sideband signal -16 dB. 0 dB corre¬ 
sponds to peak sync level. 

2. This rating gives a maximum power dissipation rating of_1 5 warts at a maximum junction temperature of 200®C. 


CavIMUNICATIONS TRANSISTOR CORPORATION 
301 Industrial Way. San Carlos, California 94070 


A Subsidiary of Varian Associates 
(415) 592-9390 TWX 910-376-4893 


CT 2.5.8.0E Feb. 1978 
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-SERIES INPUT IMPEDANCE- Ohms 


COMMUNICATIONS TRANSISTOR CD 2810 


INPUT IMPEDANCE vs OPERATING FREQUENCY 


LOAD IMPEDANCE vs OPERATING FREQUENCY 



500 600 700 800 900 1000 


f-OPERATING FREQUENCY-MHz 
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V^^-COLLECTOR VOLTAGE - VOLTS 








470-860 MHz 

Broadband Linear Power Amplifier 

UHF TV Bands IV and V (Bias not shown) 



Q1 CD2810 


^1 

8.2 pf 


ceramic chip 

ATC pkg B 


^2 

1.0 pf 


ceramic chip 

ATC pkg B 



.8-10pf 

Air tuned 

Johannson 


^4 

4.7 pf 


ceramic chip 

ATC pkg B 

c 


lOpf 


ceramic chip 

ATC pkg A 


^8 

3.0 pf 


ceramic chip 

ATC pkg B 

— 

^9 

22 pf 


ceramic chip 

ATC pkg B 


^6 

12 pf 


ceramic chip 

ATC pkg A 


‘^lO- ^17 

Uf 


electrolytic 

Sprague 

fm 

*^11 ' *"16 

10,/if 


electrolytic 

Sprague 


Ci2 . 

220 pf 


ceramic chip 

ATC pkg B 

•m 

*^13 ■ ^14 

390 pf 


ceramic chip 

ATC pkg B 


h-Lg 

.154" 

wide line 


any length 


^2 

.154” 

wide line 


.115" long 



.154" 

wide line 


.785" long 


>-4 

.154" 

wide line 


.650" long 


^5 

.275" 

wide line 


.300" long 



.275" 

wide line 


.300" long followed by 
.154" wide line, .345" long 


^7 

.154" 

wide line 


1.050" long 



.154" 

wide line 


.135" long 


^10 

4.7 //h deciductor 



fm 

hi 

Y: turn #22 wire, 1 

. D. = .150" 



*■12’ '"13 

6 turns #20 wire 1 

on F 627- 8Q toroid 



Ri . R 2 

15n 

10% Vj Watt carbon 




BOARD MATERIAL = 1/16" teflon fiberglass 




7.0 APPENDICES 

7,1 Baseband System Specifications (L. R. D'Addario 7/19/78) 

Goals: 

1. In the complete signal processing, loss of sensitivity 
due to non-ideal bypass should be <5%. 

2. Closure errors (which result from mismatch between 
antennas) should be <1° phase, <1% amplitude. 

To achieve this, gain flatness must be better than A dB 
(pp). I believe we can afford to allocate 1.5 dB of this to 
the IF receiver subsystem (including IF Converter), neglecting 
any contribution from the filters. In addition, to meet 
Goal 2 above, matching between units must be better than 5 ° 
in phase (peak difference) and 0.3 dB in amplitude. Most of 
this is already allowed in the filters, but I think we can 
allow 2,5° and 0.2 dB in the rest of the subsystem. 

Thus we have the following specification for T3, T4, T5 
combined, excluding the filters: 

For frequencies 0.19 to 50.0 MHz - 

1. Gain flatness shall be £1.5 dB peak to peak. 

2. Ratio of gains of any two units shall be constant 
with frequency to ±0.1 dB (0.2 dB pp). 

3. Difference between two units of departures from 
linear phase shall not exceed ±2.5°. 
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7.2 Power Amp/Square Law Detector Assembly A3A 
(FOR REFERENCE ONLY) 


21 
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I. GENERAL DESCRIPTION 

The "IF Combiner" T2 module performs a support function for the "Modem" 
T1 module. Its primary role is to combine the signals from various modules 
into a single 1-2 GHz passband for transmission via the modem, as well as to 
distribute the received 1-2 GHz passband from the modem to various modules in 
the rack. The receive function has a front panel level setting adjustment to 
compensate for waveguide loss variation and component gain variations. The 
IF combiner also interfaces itself and the modem T1 module with the digiatl 
communications system. 


II. THEORY OF OPERATION 

Refer to the IF combiner T2 block diagram Figure II-l. 

A. Transmit RF section - The IF combiner receives the 1200 MHz and 
1800 MHz "LO" signals from the LO system at Port Jll. If the module is 
placed at the antenna vertex room, IF signals from the front end rack 
will also be present at JIO. Attenuator pads at these ports help with 
level setting and provide good terminations to minimize passband ripple 
due to VSWR and the long lengths of coax feeding the T2 module. 

The LO carriers and the IF signals are then combined in a two-way 
Wilkinson power combiner and subsequently amplified. The amplifier's 
supply voltage is gated on and off with the T/R signal to help provide 
isolation of the transmitted signals from the receive RF section during the 
receive time period. A 10 dB coupler at the output of the amplifier provides a 
sample of the combined IF and LO signals to another 2-way power divider 
for monitoring purposes. One output of the divider, isolated by a 10 dB 
pad, feeds a front panel BNC jack for use with a spectrum analyzer or 
power meter for trouble-shooting and level adjustment. 

A simple diode detector and amplifier are connected to the other 
port of the power divider to monitor total IF passband power. Because 
the duty cycle of the T/R timing varies from vertex room to control 
room, a sample and hold circuit at the amplified detector output permits 
the "XMT Level" meter reading on the front panel to be independent 


- 1 - 





SU& nut 

«#IMS5 )- 

(HMI Mt* srt) 



FIGURE II-l 






































*j /_ T1^ ^ T t'fAi T ^/=^ /^(i^(^7~ 

AS iAyj:^UL. ASS' ^/-w j T/WC> T ^ C^A A/ 

-j-a /U\ u ^ ty A> ^ A <^ 

AAc*~^' cy cy oi-^A>-{ <_> '^oyy'AiZ^^ 

Cf^Ac.^0 -Arr^yi'C^AT^^^ Cv^A^ 


C® ^ ^5 y* ^/y O/V '^ALAMrG><yfQ^ X-Wi^_^ 

ci /iv'v />e ' f 1-i .r: 7T / f^ ^ ^p—-. y 7~: _ 

- ^ 1 >? T - ' ^o J y rr.., ) P (A (y^ > E> y~ ^ A 

c=yL^T^P lyj^ A^ 7‘ST -- 

Ayy Q 7 '^ /V/^ A- ^ 

A f?S C//V>/*<./^ cJyA^e<!yy/.A^jn I ^ 

^OOiAr-^ jg^.p^ CtJ^T /=.^'<U jA^^\/'/=^Ja iy^iP^ 

- '^-Fion iy iAi^U^Oe Py' -- 

/Vv p y-G>TAi^ ^ , A\ 

/ 5^ A ‘ 

C <yy\yA r^*^( Sa TJ P 

Aw 1^- P^ > _AV «<^ /JzMJAJ^ _ !r -_ 

A ^ / 6 ./vA^ ^y S/^ 

Aa 7'/' c> > 





of this duty cycle. Thus the module can be used at both the antenna 
and control rooms without any changes in the module itself. This 
feature also permits the module to be used in full transmit or receive 
for test purposes without affecting meter calibration. The "XMT 

Level" meter is precalibrated by use of a gain trimpot on the 
IF monitor and gating PC card to read 1/2 full scale when the proper 

level of total input power is provided. The "-XMT Level" meter will read 

linearly with input power level and may be used as a check on the 

levels arriving at the input of the T2. However, no adjustment of 

transmit power level to the modem T1 module is available. With correct 

input levels at the T2 module the power supplied to the T1 module via 

J13 is -6.5 dBm. Modem system levels are given in Figure III-l. The 

"XMT Level" BNC connector monitors the voltage before the sample and 

hold circuit that feeds the meter. A scope may be attached to this 

point to check T/R gating as well as gated receive level precalibrated at +5 VDC. 

B. Receive RF Section - The IF combiner receives a 1-2 GHz passband 
from the modem T1 module at J7.®A-v^aT4age control ted‘attenuator (VCA)-- 
can be varied by a front panel screwdriver adjustment 
potentiometer to provide a standard output level to the modules 

connected to the receive output ports of T2. The 35 dB dynamic range 

(S' 

of the attenuator permits a wide range of input levels ^w i th o u t- 
eompress-ion-in-the receive ampl-ifiersv The-attenuetorHs normally set 
-at mid range for a waveguide Toss of 46 dfi. 

Two amplifiers provide gain following the VCA. The first of 
these amplifiers has its supply voltage gated off during the transmit 
interval. A 1-2 GHz bandpass filter between the two amplifiers 
is used to minimize 600 MHz and 2400 MHz feedthrough. 

A 4-way power divider after the amplifiers distributes the 
received passband to the LO system via J8 and the "IF Receiver" power 
splitter via J9, if the module is at the control room. Monitor outputs 
are also provided identical to those described in the transmit RF 
section. Again the "RCV IF" BNC connector on the front panel may be 
used with a spectrum analyzer or power meter for checking levels. The 
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"RCV Level" meter is precalibrated to read 1/2 full scale for proper 
level. This level should be set using the "RCV Gain" potentiometer on 
the front panel. The "RCV Level" BNC connector monitors the voltage 
before the sample and hold circuit that feeds the meter. A scope may be 
attached to this point to check T/R gating as well as gated receive 
level precalibrated at +5 VDC. 

C. Interface Logic - The IF combiner T2 module contains the interface 
to the digital communications system for both the T1 and T2 modules. A 
list of monitor points and digital commands are given in Figure VII-1 
and Figure VII-2. Both digital and analog monitor signals are 
transmitted through the analog monitor system. 

Three digital monitor points from the T1 module are stored in 
three set-reset flip-flops before transmission via the analog multiplexer. 

A momentary failure in the modem phase locked loop indicated by a high 
lock warn or free run warn will be stored in these flip-flops until the 
telescope operator resets them by the "monitor reset" command. Thus a 
momentary failure can be indicated to the data set and computer even 
with a slow monitor sampling rate. The "auto warn" monitor point, also 
stored in a set-reset flip-flop indicates whether either one of the two 
manual command switches on the modem has been disturbed. 

Because of this storage feature and the operator reset feature, 
the integrity of the modem system may be checked periodically by the 
operator without need of continuous monitoring. These three warning 
flags should remain low throughout an observing run. 

Only two other commands are used with the modem system. The 
"free run" and "search" command inputs feed a set-reset flip-flop for 
storage. The free-run command is used to disable the phase locked loop 
in the modem in case of failure. Thus the normal mode is the search 
condition (free run flip-flop low). To insure this condition when the 
T2 module is first plugged into the rack or after a power failure, a 
power-on reset function will place the flip-flop into the search condition, 
eliminate the need for an operator to diagnose a transient erroneous free 
run command and then reset it, a 53 second reset timer will 
automatically reset the flip-flop every 53 seconds. Therefore, in 


To 
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order to enable the free run backup system, the telescope operator must 
issue a continuous chain of free run commands, at least one per 53 
seconds. The modem free run - search system is described more fully in 
the T1 manual. 


III. MODULE SPECIFICATIONS AND POWER LEVELS 

Refer to Figure III-l for modem system levels. Note that even though 
the front end "IF" signals are not transmitted by the control room modem, the 
total power output of the modem is the same as that from the vertex room modem. 
This is accomplished by an increase in the LO signal levels arriving at the T2 
transmit input port. The total power output of the T2 transmit section should 
in both cases be a constant -6.5 dBm, if all four "IF" channels are in use at 
the vertex room. If fewer "IF" channels are used, the power output will be 
correspondingly lower. Thus levels are not changed to compensate for different 
numbers of channels utilized. 

Worst case passband variations are given in Figure 111-2. CD 
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CONTROL ROOM VERTEX ROOM 


FIGUREIII-1 System levels and pads. All power levels in dBm and apply to carrier if no parenthesis, 
total LO carriers if in parenthesis, and total IF and LO power if in brackets. All 
signal levels are when the signal is ON; they are not average levels. 
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T2 PASSBAND AMPLITUDE VARIATION IN RECEIVE 


Component 

Pin Diode Attenuator 

Amplifier 

Amplifier 

4-way Power Divider 


Worst Case Variation 
Specification 

± 0.75 dB 

± 1.0 

± 1.0 

± 0.2 

Total ± 2.95 dB 


Total worst case passband variation does not include variations due to the 
bandpass filter (-3 dB @ 1 and 2 GHz), nor variations due to connectors or 
reflection coefficients of individual components. 


T2 PASSBAND AMPLITUDE VARIATION IN TRANSMIT 


Component 
Fixed Attenuator 
2-way Power Divider 
Amplifier 
-10 dB Coupler 

Total worst case passband variation 
connectors or reflection coefficients of 


Worst Case Variation 
Specification 

± 0.6 dB 

± 0.1 

± 1.0 

± 1.0 

Total ± 2.7 dB 

not include variations due to 
individual components. 


T2 PASSBAND AMPLITUDE VARIATIONS 
Figure III-2 



IV. CIRCUIT DETAILS 

A. IF Monitor and Gating Circuit - Refer to the schematic of Figure IV-1. 

The monitor circuits for transmit and receive are identical. The RF 
detector diode connects to a differential input operational amplifier 
UlA or U2A. Because of the low level of signal from the detector diode, 
an input-offset adjustment is provided on the amplifier. The amplifier's 
gain is variable from 10 to 1000 by a poteniometer. The gain is adjustable 
to compensate for detector differences and to provide a calibrated DC 
output level for either transmit level checking or for the "RCV Gain" 
adjustment. This level is set to +5 VDC peak at the front panel "XMT 
Level" and "RCV Level" BNC connectors, or mid scale on the "XMT Level" 
and "RCV Level" front panel meters. A scope may be connected to the BNC 
connectors to observe the T/R timing in the T2 module or to set levels. 

To prevent damage to a spectrum analyzer accidentally placed at one of 
these connectors, a lOKfi resistor is placed in series with each one. 

Because of the different T/R duty cycles between the vertex and 
control rooms, and because of the manual continuous transmit/receive function 
of the modem, a sample and hold circuit, synchronous with the transmit/ 
receive input signal is used to provide a meter indication 'as well as 
an analog input to the DCS system that is independent of T/R duty cycle. 

An FET analog switch, U3, is used to charge a capacitor to the amplifier's 
output voltage during the appropriate time period. This capacitor retains 
its charge during the opposite time period in the case of a normal 
1 msec - 49 msec duty cycle. However, if the T2 module is placed into 
a manual transmit mode, for example, the receive capacitor will decay to 
zero with a 1 second time constant indicating the modem is not in receive, 
or that no input RF signal is being received. 

A unity gain buffer amplifier provides a high impedance to the sample and 
hold capacitor and isolates it from the front panel meter and analog multiplexer 
system. A 100 Kfl series resistor to the 100 pA front panel meter produces 
a full scale reading of 10 volts, nominal reading mid scale. Because the 
diode detector is operated in the square law region, the meter reading 
will be proportional to RF power. 
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The IF monitor and gating circuit also contains the logarithmic 
driver circuit for the 35 dB dynamic range voltage controlled attenuator 
in the receive section. A 10-turn potentiometer buffered by a unity-gain 
operational amplifier provides the front panel "RCV Gain" adjustment. 

The potentiometer provides a 0 to +3.5 VDC control signal to the log 
driver with maximum attenuation (-35 dB) at +3.5 VDC. 

The transmit/receive signal, besides gating the monitor sample and 
hold circuit, also gates the supply voltages to the T2 transmit amp as 
well as one of the T2 receive amplifiers for transmit/receive RF signal 
isolation purposes. To achieve a fast switching time a complementary 
pair of transistors is used to gate the +15 VDC power supply to each 
of the two gated amplifiers. 

B. Interface Logic - Refer to Figure IV-2. 

A single ended analog multiplexer is used to interface both analog 
and digital monitor signals to the digital communications system. All 
analog monitor signals originating outside of the T2 module are buffered 
by operational amplifiers 2A, 2B, 2C, 4F and 4G. All are unity gain 
buffers with the exception of the Gunn current buffer and the rack 
temperature buffer amplifiers. The Gunn current amplifier is a differential 
amplifier with a gain of 4:1 determined by the ratios of the 39KJ1 resistors 
R4 and R5 to 10 Kfi resistors at the output of the modem T1 Gunn voltage 
regulator board. This normalizes the Gunn oscillator current monitor 
voltage to read current (amps) corresponding to voltage (volts). 

The temperature monitor buffer amplifier intended for use with 
National Semiconductor Model LX5600A or LX5700A temperature transducers 
provides a voltage gain of 10:1 with an input voltage offset of 2.73 volts. 
Thus the output voltage corresponds to temperature at .1 volt/°C with 
a reference point of 0°C = OVDC. 

Three set-reset flip-flops, IB and IG, also interface to the analog 
multiplexer providing storage for digital warning signals (outputs TTL 
high) from the modem T1 module. Once these flip-flops are set by a failure 
in the system, they can only be reset by a telescope operator "monitor 
reset" command. Integrated circuits IB and IF form an "AND" gate with 
the monitor reset command output from the 8250 command demultiplexer 
chip, ID, and the strobe command from the digital communications system 
to perform this function. 
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The analog multiplexer is a single ended output device with address 
provided through a 74L04 TTL buffer. 

Three commands are decoded by the demultiplexer chip, ID, monitor 
reset, described above, free run and searcn. The latter commands are 
stored in a set-reset flip-flop in IF, before transmission to the T1 
phase locked loop circuit. Since the search function is the normal mode 
of operation, the search input to the flip-flop is "OR'ed" with an 
asynchronous 53-second reset timer, 5A, and a power-on reset timer 
consisting of R1, CRl, and C3. Therefore plugging in the module will 
incur the proper "search" mode. Also any momentary erroneous free run 
command will be automatically remedied after a maximum of 53 seconds 
without telescope operator involvement. Gates IE and IF assure priority 
of these two functions over the free run command. In order to latch the 
flip-flop continuously in the free run backup mode, a continuous chain 
of commands (at least one per 53 seconds) must be sent to the T2 module. 


V. FRONT PANEL CONTROLS AND ADJUSTMENTS 

Refer to Figure V-1 "T2 Front Panel". 

RCV Level Meter : Monitors total received RF power at the output of the 
T2 receive amplifiers. This meter is linear with power, precalibrated, and should 
be set to mid-scale using the RCV Gain front panel adjustment. At the control 
room this applies only when all four IF signals are present. Note that the 
meter will read lower when fewer IF signals are present. Also passband ripple 
may change this reading considerably. Therefore a spectrum analyzer on the RCV 
IF port may be a better method of final adjustment. 

XMT Level Meter : Monitors total transmitted RF power at the output of 
the T2 transmit amplifiers. The meter is linear with power, precalibrated, and 
should read mid-scale with proper input signals. At the vertex room this applies 
only when all four IF signals are present. This meter will read lower when fewer 
IF signals are present, and passband ripple may change this reading. 
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Figure V-2 



RCV Gain: Controls a voltage-controlled attenuator at the input to the 
T2 receive section. This potentiometer should be set to provide a RCV level 
meter mid-scale reading. 

RCV Level BNC Connector; Provides a DC monitor point before the sample 
and hold circuit in the T2 receive output power indication circuit. A gated 
RCV level indication linear with RF power and set at +5 VDC peak (nominal 
power) should be observed with a scope. Since the T2 T/R gating is controlled 
from the transmit/auto/receive switch on the T1 module, the gating observed at 
this point will be dependent on the position of the switch. 

XMT Level BNC Connector: Provides a DC monitor point before the sample 
and hold circuit in the T2 transmit output power indication circuit. A gated 
XMT level indication linear with RF power and set at +5 VDC peak (nominal 
power) should be observed with a scope. Since the T2 T/R gating is controlled 
from the transmit/auto/receive switch on the T1 module, the gating observed at 
this point will be dependent on the position of the switch. 

RCV IF BNC Connector: Provides an RF monitor point after the T2 receive 
amplifiers for use with a power meter or spectrum analyzer. Spectrum analyzer 
waveforms are given in Figure Vr2.The modem T1 modules may have to be set to 
manual transmit or receive in order to take a reading. 

XMT IF BNC Connector: Provides an RF monitor point after the T2 
transmit amplifier for use with a power meter or spectrum analyzer. Spectrum 
analyzer waveforms are given in Figure Vr3. The modem T1 modules may have to be 
set to manual transmit or receive in order to take a reading. 
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VI. TEST PROCEDURE, MONITOR AND CONTROL FUNCTIONS (T1 AND T2), RF CALIBRATION 
(T2) 

A. Connect T1 and T2 to TEST SET. 

1. Proper power supply voltages must be connected to the TEST SET. 

2. Reference signals, 2400 MHz and 10 MHz, must be connected to 
the T1. 

a) 2400 MHz at -5 dBm to J4. 

b) 10 MHz at +10 dBm to J14. 

3. Place TEST SET switches in the following positions. 

a) ADDRESS SELECT switches up. 

b) SI in LOCAL. 

c) S2 in CONTROL ROOM. 

d) S3 in AUTO. 

4. Place both T1 switches in AUTO. 

a) All LED's on T1 should be out. 

5. Momentarily close S9, RESET. 

a) All LED's on TEST SET should be out. 

B. Control Function Checkout. 

1. Select "1" with ADDRESS SELECT switches (S4 down, free run command). 

2. Momentarily close SB, STROBE. 

a)' FREE RUN and LOCK WARN LED's on TEST SET and T1 should light. 

3. Select "0" with ADDRESS SELECT switches (all switches up, 
search command). 

4. Momentarily close SB, STROBE. 

a) All LED's on T1 should go out. 

5. Momentarily close S9, RESET. 

a) All LED's on the TEST SET should go out. 

6. Select "1" with ADDRESS SELECT switches (S4 down, free run command). 

7. Momentarily close SB, STROBE. 

a) FREE RUN and LOCK WARN LED's on TEST SET and T1 should light. 

8. After approximately 53 seconds, FREE RUN and LOCK WARN LED's on T1 
should go out. 

9. Momentarily close S9, RESET. 

a) FREE RUN and LOCK WARN LED's on TEST SET should go out. 


- 9 - 



10. Place XMIT/RCV switch (SI) on T1 to either XMIT or RCV. 
a) AUTO WARN LED's on TEST SET and T1 should come on. 

11. Place XMIT/RCV switch on T1 to AUTO. 

a) AUTO WARN LED on T1 should go out. 

12. Momentarily close S9, RESET. 

a) AUTO WARN LED on TEST SET should go out. 


C. 


Monitor Function Checkout . 

1. Starting with test set SUB MUX ADDRESS SELECT switches at "0" (all 
switches up), select each address, "0" through "15", and compare TEST SET 
Meter, Ml, reading with the following table. 

SUB MUX ADDRESS SELECT TEST SET METER READING (100 = 10 VDC) 


"0" 

0 

1 

=+100 

2 

**+100 

3 

0 

4 

0 

5 

0 

6 

0 

7 

~0 (should = 1.5 

8 

0 

9 

+30 to +60 (should = T1 1 

10 

«+10 (should = 

11 

0 

12 

0 

13 

+40 (TTL High) 

14 

+40 (TTL High) 

15 

+40 (TTL High) 


2. Select "7" with ADDRESS SELECT switches (S7 down). Remove 10 MHz 
reference signal from J14, T1. 

a) TEST SET Meter, Ml, should alternate from «> +25 to -75. 
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b) LOCK WARN LED's on TEST SET and T1 should light. 

c) After - 15 seconds, FREE RUN LED should light. 

3. Reconnect 10 MHz reference signal to J14, T1. 

a) Momentarily throw FREE RUN/SEARCH switch to FREE RUM, then 
back to SEARCH. 

b) LOCK WARN LED on T1 should go out within one complete sweep 
of the meter voltage. 

c) TEST SET Meter, Ml, should read « 0. 

4. T1 FREE RUN/SEARCH switch to AUTO, momentarily close S9, RESET, 
a) All LED's on TEST SET should go out. 

5. Select "2" with ADDRESS SELECT switches (S5 down, monitor reset 
command). 

6. Momentarily close S9, STROBE. 

7. Select addresses "13", "14" and "15" in turn. TEST SET Meter, Ml, 
should indicate ~0 (TTL Low) for these three steps. 

D. RF Calibration Procedure (T2). 

NOTE: This procedure can be accomplished in conjunction with the above 
or as a separate check using a T2 only. 

1. TEST SET switches are set according to Step A3. 

2. Adjust XMIT OFFSET, R6, on IF Monitor and Gating Circuit for 0 
volts as measured with DVM at XMIt LEVEL BNC. 

3. Set up Test Oscillator for -19.7 dBm at 1.5 GHz. 

4. Connect Test Oscillator to Jll on back panel. 

5. Connect Power Meter to J13 on back panel. 

a) All unused OMQ Connectors on back panel should be terminated 
into 50 Ohms at all times. 

6. Place T2 into XMIT MODE. 

a) If T1 is connected, select XMIT on T1 front panel switch. 

b) If T1 is not connected, place TEST SET switch SI to REMOTE. 
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7. Adjust XMIT Level, R5, on IF Monitor and Gating Circuit for +5V 

as measured with DVM at XMT Level BNC. 

a) Power Meter should read approximately -6.5 dBm. 

8. Select "5" with ADDRESS SELECT switches (S6 and S4 down), 

a) TEST SET Meter, Ml, should read +50. 

9. Adjust RCV offset, R17 on IF Monitor and Gating Circuit for 0 volts 

as measured with DVM at RCV LEVEL BNC. 

10. Connect Test Oscillator to J7 in rear panel. 

11. Connect Power Meter to J8 on rear panel. 

a) All unused OMQ connectors on back panel should be terminated 
into 50 Ohms. 

12. Place T2 into RCV MODE. 

a) If T1 is connected, select RCV on T1 front panel switch. 

b) If T1 is n^ connected place SI to REMOTE and S2 to VERTEX. 

13. Adjust RCV LEVEL on front panel for -4 dBm on Power Meter. 

14. Adjust RCV LEVEL, R16 on IF Monitor and Gating Circuit for +5V as 

measured with DVM at RCV LEVEL BNC. 

15. Select "6" with ADDRESS SELECT switches (S6 and S5 down), 
a) TEST SET Meter, Ml, should read +50. 
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VII. DIGITAL COMMUNICATIONS SYSTEM ADDRESS ASSIGNMENTS 


Address assignments for the modem T1 - IF combiner T2 system are given 
in Figures VII-1 and VII-2. Note that the monitor addresses are different for 
the vertex room and control room. 




MODEM T1 - IF COMBINER 12 MONITOR POINTS 


Octal Address 

40 

41 

42 

43 

44 

45 

46 

47 

50 

51 

52 

53 

54 

55 

56 

57 


VERTEX ROOM DATA SET NO. 2 


Monitor Point 
Ground 

Temperature Monitor No. 1 
Temperature Monitor No. 2 
Ground 
Ground 

Transmit IF Power 
Received IF Power 
Varactor 

Integrator Output 
Gunn Oscillator Voltage 
Gunn Oscillator Current 
Ground 

Mixer Voltage 
Auto Warn 
Free Run Warn 
Lock Warn 


Voltage 
0 VDC 

0.1VDC/°C, OVDC ^ OOC* 
O.lVDC/OC, OVDC -> OOC* 
0 VDC 
0 VDC 

5 VDC Nominal 
5 VDC 

-OVDC, IVDC =?> 2VDC 
-OVDC, IVDC =?> 2VDC 
3 to 6 VDC 

~1 VDC, 1 VDC = 1 Amp 
0 VDC 
0 VDC 

-0 VDC TTL High ^ON 
«0 VDC TTL High =^0N 
*0 VDC, TTL High ^ ON 


*when connected. 


MODEM T1 - IF COMBINER T2 COMMANDS 
VERTEX ROOM DATA SET NO. 2 


Octal Address 

360 

361 

362 


Command 

Search 
Free Run 
Monitor Reset 


DCS Addresses - Vertex Room 
Figure VII-1 



MODEM T1 - IF COMBINER T2 MONITOR POINTS 




CONTROL BUILDING DATA 

SET 

NO. 5 

Octal 

Address 

Monitor Point 


Voltage 


120 

Ground 


0 VDC 


121 

Temperature Monitor No. 

1 

O.lVDC/OC, OVDC -> 0°C^ 


122 

Temperature Monitor No. 

2 

O.lVDC/OC, OVDC -> O^C 


123 

Ground 


0 VDC 


124 

Ground 


0 VDC 


125 

Transmit IF Power 


5 VDC Nominal 


126 

Received IF Power 


5 VDC 


127 

Varactor 


~0 VDC, IVDC 2VDC 


130 

Integrator Output 


-0 VDC, IVDC ^ 2VDC 


131 

Gunn Oscillator Voltage 


3 to 6 VDC 


132 

Gunn Oscillator Current 


~1 VDC, 1 VDC = 1 amp 


133 

Ground 


0 VDC 


134 

Mixer Voltage 


0 VDC 


135 

Auto Warn 


-.1 VDC, TTL High =>0N 


136 

Free Run Warn 


«.l VDC, TTL High =>0N 


137 

Lock Warn 


~.l VDC, TTL High => ON 

*when 

connected 





MODEL T1 - IF COMBINER T2 COMMANDS 
CONTROL BUILDING DATA SET NO. 5 


Octal Address 

360 

361 

362 


Command 
Search 
Free Run 
Monitor Reset 


DCS Addresses - Control Room 
Figure VII-2 
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VIII. "T2", IF COMBINER DRAWING LIST 


Title Drawing 

SCHEMATIC & LOGIC DIAGRAMS: 

IF Monitor & Gating Ckt. Schematic C13440S2 

Interface Logic D13440L1 

BILL OF MATERIALS: 

IF Combiner Assembly A13440Z6 

IF Monitor & Gating Ckt. Subassembly A13440Z7 

Interface Logic Subassembly A13440Z8 

ASSEMBLY DRAWINGS: 

Top Assembly Drawing D13440P6 

IF Monitor & Gating Ckt. Subassembly C13440P3 

Interface Logic Subassembly C13440P5 

IF Combiner Wire Harness C13440P15 


BLOCK DIAGRAMS: 

IF Combiner Assembly Block Diagram C13440B2 

WIRE LISTS: 

Interface Logic Board Wire List A13440W1 

Rear Panel Mod. Conn. Wire List A13440W3 


MECHANICAL DRAWINGS: 

Front Panel C13440M1 

Connector Support Block B13440M20 


Partition Plate 

Bar Supports, Modified 

Guides 

Perforated Cover 
Side Plate 

Bar Supports, Top & Bottom 
Panel, (10) OMQ Connector 
Rear Panel 
Panel, 50 Pin Pwr 


D13440M22 

C13440M24 

B13050M4 

C13050M22-1 

B13050M18 

B13050M23 

B13050M30 

C13210M4 

B13050M29 
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Title 


Drawing 


PRINTED CIRCUIT BOARD ARTWORK 
IF Monitor & Gating PC Card 

PRINTED CIRCUIT BOARD SILKSCREEN 
IF Monitor & Gating PC Card 

PRINTED CIRCUIT BOARD DRILL DRAWINGS 
IF Monitor & Gating PC Card 

SPECIFICATIONS 

Assembly/Wiring Operations & Specifications 
Solid State Amplifier 


B13440AB1 


None 


C13440M26 


A13440N10 

A13450N10 
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IX 


SPECIFICATIONS 






SPECIFICATION: A13440N10 


DATE: December 18, 1975 


UNIT : IF Combiner, Module Type T2 

TITLE : Assembly/Wiring Operations and Specifications 

TOP ASSEMBLY DRAWING: 


TOP BILL OF MATERIAL : 
PREPARED BY : ' 


APPROVED BY 





1.0 GENERAL DESCRIPTION AND SCOPE 

This specification defines the work required to assemble and wire 
prefabricated components into a completed assembly, ready for test. 

The scope of this specification covers the operations to be performed, 
the items supplied by NRAO, assembly and wiring requirements and the 
associated documentation. 

The assembly operations identify the operations to be performed in 
an orderly assembly sequence. The appropriate drawings and documentation 
are keyed to the sequence. 

If problems of fit or drawing interpretation arise, NRAO should be 
contacted for resolution of the problem. 


2.0 NRAO-SUPPLIED ITEMS 

1. NRAO will supply ALL printed circuit boards; drilled, etched and 
profiled, ready for assembly. 

2. NRAO will supply ALL metal and plastic components; plated, painted 
and engraved. Metal components will be bagged and will have the 
part number printed on the bag for identification. 



3. NRAO will supply ALL hardware itemi such as screws, nuts, connector 
pins, connector blocks, insulatoV spacers, mylar sheets, coax 
cable, coax connectors, brackets, housings, etc. 

4. NRAO will supply ALL electrical components such as integrated 
circuits, transistors diodes, resistors, capacitors, LED's, IC 
sockets, potentiometers, RF components, coaxial cable, PC Board 
connectors, etc. 

5. NRAO will not supply wire, ty-wraps or lacing cord. 

6. NRAO will not supply any tools, except for OSM and OMQ coax 
connector assembly kits. 

7. All component parts will be bagged and marked but will not be 
broken out into kits or tagged with assembly drawing part numbers. 

3.0 ASSEMBLY OPERATIONS 

3.1 Place all components including RF components on front panel. Refer to 
Figures 1 and 2. 

3.2 Mount connector block on rear panel. Refer to Top Assembly Drawing 
No. D13440P6 for proper assembly. 

3.3 Assemble partition plate, bar supports, perforated covers, guides, 
connector support blocks and P.C. board connectors into one unit. Refer 
to Figures 3 and 4. Assure that this partition plate and modified 
support bars are correctly oriented. Refer to Figure 5 for correct 
orientation of guides. Refer to top assembly drawing No. D13440P6 

for proper placement of different length guide machine screws. 

The module shall be assembled and handled carefully so as to avoid 
damage such as nicks and scratches on the panels and metal parts. 

If there are fit or alignment problems, consult NRAO for corrective 
action. In no case shall mating parts be "forced" to fit. 
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3.4 Mount RF components onto partition plate as per Figure 3. Assure that 

all adapters and in-line pads are connected at this time.^Note that the 

A 

General Microwave M190 (Item No. 70) pin diode attenuator is supported 
with .250" spacers (Item No. 15). Note that the Vectronics DC9107-10MT 
directional coupler, -10 dB, (Item No. 75) is mounted with one 2-56 x .400" 
flat head slotted screw (Item No. 42) from the opposite side of the 
partition plate. Be certain that the input and output connectors on 
the Aventek amplifiers (Item No. 69) are oriented as shown in Figure 3. 

3.5 Assemble and fit semirigid coax links and connectors. A tool kit for 
the OSM and OMQ connectors will be provided by NRAO with the appropriate 
instruction books. Each connector must pass a quality control test using 
NRAO-provided dial indicators. Instructions on the use of these 
indicators shall also be provided by NRAO. 

All semirigid coax must be handfitted to the appropriate RF components 
using the bending tool provided in the tool kit.^ No semirigid coax shall 
be bent to a radius less than that possible using the bending tool. The 

/ 

finished coax lines shall be free of any kinks or scratches, shall be 
cleaned of rosin, and shall have good quality solder joints. - 

f 

"-The semirigid coax lines shall follow the general layout shown in | 

Figure 3. ■ - 

-Before connection to the RF components, all connectors will be cleaned 
of any particulate matter and inspected. 



A torque/ wrench supplied by NRAO shall be used to tighten all OSM 

•V X 

connectors. 


3.6 Assemble and fit wiring harness. This includes the connectors on the 

RG-188 flexible coax cable. Instructions on assembly of con-hex connectors 
(Item Nos. 63 and 64) shall be provided by NRAO. All wire terminations, 
except those used on the module connector wire pins (Items 29 and 30), 
shall be fitted with heat shrink tubing. The coax connections on the 
connector block shall be fitted with heat shrink tubing. 

Refer to Figure 4 for general wiring harness layout. Refer to wire list 
drawing No. A13440W3 and wire harness drawing No. C13440W5 

The Wire List defines all wiring in the unit and specifies color codes, 
size (where appropriate), twisted pair runs, coax runs, signal name, 
and connector or terminal pin number. 

Runs which terminate on a solder pin shall be soldered. In some cases 
two or three wires may terminate upon a pin (if specified by the wire 
list). If more than three wires are terminated on a connector solder pin 
there is either a wiring error or the NRAO wiring documentation is in 
error. In the event there is a documentation error NRAO should be 
contacted for corrective action. 

Solder terminations of stranded wire shall be neat and free of excess 
solder and wire whiskers. Cold solder joints are not acceptable. Solder 
flux residue shall be cleaned. 

Handwiring shall be dressed neatly into bundles with orthagonal breakouts 
to termination points. Wire runs in the neighborhood of the board 
connectors shall be dressed into bundles between the module rails and the 
connector pins. Wired subassemblies such as front panels shall be dressed 
with sufficient service loops to permit the panel to be "folded" open 
for maintenance access. Wire bundles shall be confined with lacing cord. 




ALL wiring residue such as wire whiskers, clippings, solder residue, etc., 
shall be thoroughly cleaned and removed. 

The handwiring error rate shall be less than one error per hundred wires. 

3.7 Assemble and install PC card. (NOTE: The wirewrap card will be assembled 
and installed by NRAO.) Refer to IF monitor and gating card subassembly 
drawing No. C13440P3 and IF monitor and gating circuit schematic drawing 
No. C13440S2. Be certain that polarities on components are observed as 
shown in above drawings. The variable resistors shall be oriented as 
shown in the above drawing. All integrated circuits shall be mounted with 

I 

sockets. Transistors Qi and Qa (Item No. 36) shall be mounted with 
sockets (Item No. 43). The completed printed circuit board shall be 
cleaned and free of all rosin and debris. The completed‘PC card shall 
be mounted to the partition plate using No. 4x.375" nonthreaded spacers 
(Item No. 3) and 4-40 x .5" screws (Item No. 5). 

3.C The completed modules shall be packed for shipping. 

Each module shall be individually wrapped with a protective covering to 
prevent scratching damage during shipment. 

The modules shall be packed carefully in durable shipping containers to 
prevent shipment damage. 
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Figure 1: "Front Panel - Front View" 




















Figure 3 
















































Figure 5: "Rear Panel" 







NATIONAL RADIO ASTRONOMY OBSERVATORY 
Charlottesville, Virginia 
VERY LARGE ARRAY PROJECT 


SPECIFICATION NO ; A13450N1 
NAME : Solid State Amplifier 

DATE ; February 5, 1974 
PREPARED BY: 

- -^— 



1■ FREQUENCY RANGE ; 1.0-2.0 GHz 

2. GAIN; 23.5-30 dB (gain of individual units of given type to be equal within 



+1 dB). 



3. 

GAIN FLATNESS: 

+1 dB 


4. 

POWER OUTPUT; 

+7 dBm minimum at 

1 dB compression 

5. 

NOISE FIGURE; 

6 dB max. 



6. VSWR ; 2.0 max. (input and output) 

7. GATING SPEED ; The amplifier must switch on or off in less than 10 microseconds 

when the power supply voltage is gated on and off. Switching 
time is defined as rise or fall time from 10% to 90% of final 
RF power. Insertion loss should be greater than 13 dB from 
1 to 2 GHz when gated off. 

8. INPUT POWER ; +15V 

9. CONNECTORS; SMA Female 


10. Manufacturer is to state whether unit is discrete component construction and 
whether it is reparable in the event of a transistor failure. 


( 


* 
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DATA SHEETS 







TUNNEL DIODE 

DETECTORS 
0.1 to 40 GHz 


Aertech's tunnel detector mounts are broadband matched 
without resistive loading, providing excellent sensitivity 
and flat response. With both tangential sensitivity and 
input VSWR optimized, the detectors are available over 
octave and waveguide bands to 26 GHz. Further per¬ 
formance improvement can be provided in special units 
matched over narrow bands. 

The open circuit voltage sensitivity, K, is approximately 
1000 millivolts per milliwatt at 4 GHz. This factor to¬ 
gether with the low dynamic video resistance of the diode 
combine to provide significant improvements in tangential 
sensitivity (approximately 10 dB for broadband systems) 
when properly integrated with a low noise video amplifier. 
This sensitivity improvement is particularly noticeable at 
low video frequencies (Doppler systems) in which 20-30 dB 
sensitivity improvements are realized over point contact 
diodes due to the extremely low 1/f noise corner of the 
tunnel diode. 

The performance of tunnel detectors in wideband video 
systems requiring fast pulse rise times is particularly note¬ 
worthy. The dynamic video resistance of the diodes is on 
the order of 100 ohms, and enables typical video band- 
widths in S band of 100 MHz, with bandwidths up to Vj of 
the lower RF frequency available on special request. 


Detailed diode characterization techniques, precise mechan¬ 
ical design, and low VSWR make possible matched pairs or 


^ r 


J V. 


Series 

D, DT, DB, DM, DO, 
DMM, DOM, W812B, 
W208F, W806F 
W264F 


matched groups of detectors to close tolerances. Applica¬ 
tions in amplitude comparator systems, discriminators, and 
multi-channel receivers are frequent uses of matched tunnel 
detectors. 

Some of the other chief advantages of the tunnel detector 
include temperature stability, low video impedance, wide 
dynamic range, and availability in field replaceable mounts. 

The tunnel detectors in this catalog are intended to cover 
the broadest range of system and laboratory applications. 
However, individual, unique requirements may and do exist, 
and these types of requirements have created a significant 
demand for specialized crystal video components. In re¬ 
sponse to this demand, Aertech engineers have for years 
specialized in the development of custom detector designs. 
As a result, a wide range of additional tunnel detectors are 
available on request. 

Frequency response, sensitivity, VSWR, video impedance, 
square law range, output filtering, connectors, configura¬ 
tion, group matching, burnout, and field replaceable diode 
mounts are among the detector parameters commonly 
customized to individual requirements. Contact your local 
sales representative or Aertech's detector applications group 
concerning your specific detector needs. 


A Technical Note describing tunnel detector features in 
detail is available upon request. 








PART NUMBER CODE 


Frequency of 
Operation: 
Refer to Table 


Video Bypass: 

Z = 50% of Standard 
Value (Refer to 
Table B) 

None - Standard Value 


Field Replaceability: 

—1 = Field Replaceable Mount 
None Not Field Replaceable 



DOM 105DPZR-1 

7^ / X 


Physical Configuration 
and Connector Options: 
Refer to Table "A" 


Output Matching: 

P = Matched Pair 
T = Matched Triplet 
0 = Matched Quad 
M = Matched Set of 

5 or more devices 
None = Single Device 


Output Polarity: 

R = Positive Output 
None = Negative Output 
(Standard) 


Most detectors are available in several combinations of 
input and output connectors. RF inputs are available in 
either type N, TNC, BNC, SMA, or waveguide. Video 
outputs are available in BNC, TNC, TSM, OSSM, or 
Sealectro Con-Hex (screw-on, or snap-on) connectors. To 


specify the model number of the desired detector, add 
the connector "series" letter(s) (Table A) to the detector 
"type" number (Table B). Then add any of the desired 
options listed above in the order they are shown. 


TABLE A 

STANDARD PHYSICAL CONFIGURATION 
AND CONNECTOR OPTIONS 


Aertech 

Connector 

Series 

RF 

Video 

Maximum RF 
Frequency 

GHz 

Other Video Connectors 
Usually Available on 
Special Request 

D 

N (M) 

BNC (F) 

12.4 

TNC, TypeN (M or F) 

DT 

TNC(M) 

BNC (F) 

12.4 

TNC, Type N (M or F) 

DB 

BNC(M) 

BNC (F) 

4.0 

TNC, Type N (M or F) 

DM 

SMA (M) 

(kjn-Hex* 

18.0 

Con-Hex (snap-on) 

DO 

SMA (M) 

SMA (F) 

18.0 

— 

DMM 

SMA (M) 

Con-Hex * 

26.5 

Con-Hex (snap-on) 

DOM 

SMA (M) 

SMA (F) 

26.5 

— 

W (for W812B) 

RG-52/u 

BNC (F) 

12.4 

Con-Hex, TNC 

W(for W208F) 

RG-91/u 

Con-Hex* 

18.0 

Con-Hex (snap-on), SMA 

W (for W806F) 

RG-66/u 

Con-Hex* 

26.5 

Con-Hex (snap-on), SMA 

W (for W264F) 

RG-96/u 

Con-Hex* 

40.0 

Con-Hex (snap-on), SMA 


Sealectro screw-on Con-Hex Series. Also mates with An'phenol Series 27. 



OUTLINES (COAXIAL INPUTS) 


625 DIA. 
M5.87 mm) 



D, DT,DB SERIES 


,350" DIA, 5/16" 


1 18.89 inm) (7.93 mmf | 


if 

e 


f 

1.41" 

(35.8 mm) * 

( 


DMM, DOM SERIES 



X-BAND 


TABLE B 

ELECTRICAL SPECIFICATIONS 



Frequency 

(GHz) 

Type 

8 

Cap. (Max.) 
pF (Cv) 

K (Min.) 
mV 
mW 

M (Min.) 

Flatness 

Typical 

(dB) 


VSWR 

(Max.) 

VSWR 

Typ. 


0.1-0.5 

105D 

500 

1000 

100 

*0.2 

-51 

2.0 



0.5-1.0 

510D 

100 

1000 

100 

±0.2 

-51 

2.0 


"S •> 

1.0-2.0 

1028 

50 

1000 

100 

±0.2 

-51 

2.0 

1.5 

ra 5 

? 5 

2.0-4.0 

2048 

25 

1000 

100 

±0.2 

-51 

2.0 

1.5 

n tj 

« O 

4.0-8.0 

4088 

15 

700 

70 

±0.4 

-50 

2.5 

1.7 

8.0-12.0 

8128 

15 

700 

70 

±0.4 

-50 

2.5 

1.7 


8.0-16.0 

8168 

15 

450 

45 

±0.6 

-48 

3.0 



12.0-18.0 

208 F* 

7 

400 

40 

±0.5 

-48 

2.5 



18.0-26.0 

806F**^ 

5 

250 

25 

± 1.0 

-46 

4.0 



O.M.O 

110D 

500 


70 

*0.5 

-50 

3.0 

1,8 


0.5-2.0 

520D 

100 

800 

80 

±0.5 

-50 

3.0 

1,8 


0.7-1.4 

7140 

50 

1000 

100 

±0.3 

-51 

2.0 

1.5 


1.0-4.0 

1048 

50 

800 

80 

±0.5 

-50 

3.0 

2.0 

•o 

c 

1.0-12.0 

1128 

25 

500 

50 

±1.5 

-50 

4.0 

2.5 

ffi 

2.0-8.0 

2088 

25 

600 

60 

±0.7 

-50 

3.5 

2.0 

•g 

o 

2.0-12.0 

2128 

15 

500 

50 

±1.0 

-50 

4.0 

3.0 

CQ 

2.0-18.0 

2188* 

15 

400 

40 

±1.0 

-48 

4.0 

3.0 


4.0-12.0 

4128 

15 

600 

60 

±0.7 

-48 


2.0 


7.0-11.0 

7118 

15 

700 

70 

±0.4 

-50 


1.8 


7.0-12.0 

7128 

15 

600 

60 

±0.5 

-50 

3.0 

2.0 

-o 

8.2-12.4 

W812B 

15 

700 

70 

mm 

-50 

2.0 

1.7 

■3 S 

8.5-9.6 

W85968 

15 

1000 

100 


-51 

1.7 

1.4 

1 ° 

12.0-18.0 

W208F 

7 

500 

50 

±0.5 

-48 

2.5 

2.0 

|s 

18.0- 26.5 

W806F^ 

5 


25 

± 1.0 

-46 

4.0 

2.5 


26.5-40.0 

W264F''’ 

2 

250 

25 

±1.0 

-45 

4.0 

3.0 


TECHNICAL NOTES ON SPECIFICATIONS; 

1. Detectors can be matched within ±0.25 dB over octave band 
widths and ±0.4 dB over wider band widths. Add 10% to price 
per unit for matching in pairs, and add suffix letter "P'' to the 
model number. 

2. The 1 dB non-square-law point varies with the value of the video 
load. Typical values are —17 dBm for open circuit and —12 dBm 
for a 100-ohm video load. 

3. No bias is required to obtain the performance specified. All 
standard models have a built-in DC return. Detectors can be 
supplied without DC returns on special request. 

4. RF Power Input must be limited to 50 mW, CW or 3 ergs spike. 
On models specified above 12 GHz, power ratings are 10 mW, 

CW or 1 erg spike. The video input must be limited to 0.5 volt 
forward voltage and 10 mA reverse current. Forward voltage is 
defined as a negative voltage at the video connector for a forward 
(—) output detector. Voltage and power levels higher than those 
specified rriay result in permanent damage to the detector. 

5. VSWR, K and flatness ratings are given for input powers from 
tartgential sensitivity to —23 dBm. 

6. Flatness is defined as the RF power variation required to main¬ 
tain a constant voltage output across the frequency range. 

7. BW ■ 2 MHz, NF = 3 dB @> ambient temperature. 

V_____ 


* Available only in DM, DO, DMM, and DOM Series. 

'* Available only in DMM, and DOM Series, 
t Not available in field replaceable mount. 

B. Capacity, Cy, can be supplied in other values. Add the 
letter "Z" to the model number to reduce Cy by 50%. 
Example: D204BZ would have 12 pF. Add 5% to the 
price for "Z" models. 
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TANGENTIAL SIGNAL SENSITIVITY 

The figure of merit, M, defines the detector parameters 

and is given by 

K 

M = 

where, K = open circuit voltage sensitivity in mV/mW 
Ry = video resistance of detector in ohms 

However, tangential signal sensitivity (TSS) is a measure 
of the combined detector-amplifier performance as a video 
receiver and is a function of temperature, bandwidth, and 
amplifier noise figure as well as the figure of merit of the 
detector. TSS has become accepted as being that signal 
power which produces 8 dB signal-to-noise voltage ratio: 
and at 300° K 


3.22 \AbF 

P7SS= M 


X lO-’ 


with P in milliwatts, B in Hz, and F expressed as a power 
ratio. 

An important consideration in achieving detector-amplifier 
sensitivity is optimizing video amplifier noise figure as a 
function of detector video resistance. Transistor video 
amplifiers are quite suitable for such application, and 
noise figures <3.0 dB are easily attainable for the source 
resistance (75 to 200 ohms) of the tunnel diode detector. 

DYNAMIC RANGE 

Tunnel detector square-law performance is essentially un¬ 
affected by changes in microwave power level at small 
signal levels (P|fg < -23 dBm). At higher power levels there 
are necessarily deviations, since a strict adherence to 
square-law performance would require a conversion gain. 
Proper loading of the tunnel device can, however, extend 
square-law performance to beyond —15 dBm, and dynamic 
ranges greater than 40 dB are typically achievable in sys¬ 
tems with bandwidths of several MHz. 

A particularly convenient application of the tunnel detector 
is its use in conjunction with narrow band 1 kHz amplifiers 
such as the HP415E SWR meter. On "low" input, excellent 
square-law performance is realized, and typical sensitivities 
are below —65 dBm. 


1/f NOISE CHARACTERISTICS 

The tunnel diode detector offers significant improvement 
for low-frequency narrow-band video applications where 
1/f noise predominates. Tunnel detectors differ from crys¬ 
tal detectors in that the 1/f noise corner is as much as 
three decades in frequency below that of the crystal 
detector. This is due in part to the high doping levels and 
low resistivity of the back diode semiconductor wafer, 
and to the fact that no bias is required for normal operation. 
This physical characteristic of the tunnel detector can im¬ 
prove the sensitivity of video receivers below 100 kHz; 
e.g., in Doppler radar systems, by 15 to 30 dB, when the 
detector is properly integrated with a transistor video 
amplifier. 


TEMPERATURE STABILITY 

In addition to performing well in systems requiring large 
dynamic ranges, the tunnel detector displays excellent 
temperature stability characteristics. Although the l-V char¬ 
acteristic of the tunnel diode is affected by temperature 
variations, the greatest change occurs in the p-n junction 
current region beyond the valley voltages; by comparison, 
the tunneling region (where the detector operates under 
small signal conditions) is relatively independent of tem¬ 
perature. Typical variation in sensitivity for the tunnel 
detector is ±0.5 dB over the temperature range from —65° 
to -1-85°C. This represents a considerable improvement over 
competitive crystal devices. 

APPLICATION OF BIAS 

A further microwave receiver consideration is that the 
tangential sensitivities mentioned herein are for unbiased 
tunnel detectors. This operational mode is generally opti¬ 
mal when sensitivity, VSWR, dynamic range, and system 
simplicity are all considered. When tangential sensitivity 
is of primary concern, improvements can be obtained by 
biasing the tunnel device to operate near the peak current. 
Increasing sensitivities, on the order of 2 to 5 dB, can be 
realized in this manner, at the expense, however, of re¬ 
duced dynamic range and increased RF mismatch. 

POWER HANDLING CAPABILITIES 
The tunnel diode’s power handling capabilities are higher 
than the point-contact crystals; however, because of the 
low resistance (100 ohms compared to 5,000 ohms) it is 
much easier to exceed the power ratings through transient 
voltages. For example, a capacitor charged to 10 volts will 
generate a peak power of approximately 1 watt when 
discharged through the tunnel detector and only about 
20 milliwatts when discharged through the crystal detector. 
For high reliability application CW input powers should be 
kept below 50 mW. 
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AD7513 


CMOS 

DUAL SPST 
ANALOG SWITCH 


FEATURES 


“ON" Resistance 

550 

Break-Before-Make Switching 


Power Dissipation: 

3mW 

DTL/TTL/CMOS Compatible 


Switch Current 

50mA 

Replaces DG-200 



GENERAL DESCRIPTION 

The AD7513 is composed of two independent single-pole- 
single-throw switches on a CMOS chip. State-of-the-art 
design provides TTL/DTL/CMOS compatibility and a low 
power dissipation of 3 mW. 

The AD7513 is an excellent replacement for reed relays 
and FET switches due to its low power dissipation, direct 
logic interface capability and low price. Its high surge cur¬ 
rent capability makes it ideal for use in integrator or sample/ 
hold circuits. 


ABSOLUTE MAXIMUM RATINGS 
(Ty^ = +25°C unless otherwise noted) 


Vdd toGND .+17 V 

Vgs toGND .-17 V 

V Between any Switch Terminals.+25 V 

Switch Current (Iqj, continuous) .50 m A 

Switch Current (IqS' Surge) — 

1 ms duration, 10% duty cycle.150 mA 

Digital Input Voltage Range.GND to Vqq 

Power Dissipation 
See page 32 

Operating Temperature .-55'’Cto+125 C 

Storage Temperature.-65°C to +150 C 


CAUTION! 

1. Do nai ipply volwges higher than Vod Vjs to toy other terminal, eapccially 
when Vs5 ■ V[>i> « OV <U ocher pins should be tt OV. 

2. The dif icfcl control inputs ere zencr protected; however, permanent dama|c may 
occur on unconnected units under high energy electrostatic fields. Keep unuicd 
units in conductive foam at all times. 


FUNCTIONAL DIAGRAM 


1 
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LOGIC 

Switch “ON” For Address “LOW”. 


ORDERING INFORMATION 


PLASTIC DIP 
(Suffix N) 

TO-100 
(Suffix H) 

OPERATING 
TEMPERATURE RANGE 

AD7513JN 

AD7513KN 

AD7513JH 

AD7513KH 

O^C to +75°C 


AD7513SH 

AD7513TH 

-55°C to+125“C 


PIN CONFIGURATION 

PLASTIC DIP 
Top View 


TO-lOO 
Top View 
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GENERAL RifiS f 4 - 1 , ^ 1% 

Models M189 and M190 

ABSORPTIVE PIN DIODE 

MICROWAVE kilji l0C!ri 

ATTENUATOR/MODULATORS* 


and drivers 


• ULTRA WIDEBAND: 0.2-18.0 GHz 

• ATTENUATION RANGE: UP TO 65 dB 

• LOW VSWR AND INSERTION LOSS 

• FREQUENCY SENSITIVITY: AS LOW AS 
±0.5 dB 

• SMALL SIZE AND WEIGHT 







35 dB ATTENUATOR 

The General Microwave Model M190 is an absorptive 
PIN diode atlenuator/moclulator which operates over 
the instantaneous frequency range from 0.2 to 18 GHz. 
This multi-octave bandwidth uniquely suits the Model 
M190 to such applications as ECM equipment and wide¬ 
band swept power, VSWR and attenuation measuring 
systems. 

Its rf design consists of a T-pad arrangement of shunt 
and series chip diodes in a microstrip integrated circuit 
transmission line. (Seefigurel.) The arrangement permits 
operation of the Model M190 as a bilaterally-matched 
device at all attenuation levels by separately controlling 
the bias currents through the series and shunt diodes. 

Although the Model M190 will safely tolerate input 
powers up to 2 watts average from —to -|-25“C, 
the maximum power level at which it will operate within 
its specifications is shown in figure 2. For higher power 
applications, the narrower band Model LM190 is 
available. 

65 dB ATTENUATOR 

For applications requiring higher levels of attenuation, 
the Models M189 and LM189 are available. These units 
consist of the equivalent of two independently-con¬ 
trolled Model M190 and LM190 attenuators, respec¬ 
tively, in a single rf assembly. 

DRIVERS 

The proper levels of series and shunt diode currents 
required for operation of any Model M189 and M190 


unit can either be provided by the user's circuitry, or by 
the GMC Model 311 Driver, which provides voltage con¬ 
trolled linear attenuation with a nominal transfer func¬ 
tion of 10 dB per volt. One Model 311 driver is required 
for each Model Ml90 and two for each Model Ml89. 
When Model 311 drivers are ordered with attenuators, 
the driver./attenuator assembly is calibrated for optimum 
linearity at 2 GHz. Calibration at other frequencies 
within the band is available upon request. 

Other drivers are available to permit the use of the 
Model M189 and M190 units as digitally-programmable 
step attenuators. Consult the GMC Series 325 data sheet 
for full technical details 

OTHER MODES OF OPERATION 

By reducing the series diode current to zero, the Models 
Ml89 and M190 can be operated as high-isolation re¬ 
flective switches for low frequency applications where 
the isolation provided by the conventional shunt diode 
switch design (such as that used in the GMC Series M86) 
is inadequate. 

OTHER UNITS 

Options for rf and bias connector selection as well as 
temperature range are described below. Further, GMC 
offers a 45 dB attenuator, the Model M186B, for applica¬ 
tions where the low frequency sensitivity of the Models 
Ml89 and Ml90 is not required. In addition, the Models 
Ml89, Ml90 and M186B can be provided with integrated 
drivers to function as high-speed ON-OFF absorptive 
switches, as Models DM189H, DM190H and DM186BH. 
Technical data sheets for those units are also available. 
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SPECIFICATIONS 


FEATURE 

FREQUENCY 

(GHz) 

MODEL NO. 

M190 

M189 

LM190 

LM189 

MAXIMUM 

0.2- 8.0 

1.5 

2.5 

1.5 

2.5 

INSERTION LOSS 

8.0-12.4 

1.8 

3.0 

1.8 

3.0 

(dB) 

12.4-18.0 

2.5 

5.0 

— 

— 

MAXIMUM 

0.2- 8.0 

1.5 

1.5 

1.5 

1.5 

VSWR 

8.0-12.4 

1.6 

2.0 

1.75 

2.0 


12.4-18.0 

2.0 

2.3 

- 

- 

MAXIMUM 

0.2- 8.0 

15 

65 

35 

65 

ATTENUATION 

8.0-12.4 

35 

65 

30 

60 

(dB) 

12.4-18.0 

30 

60 

- 

- 

AVERAGE 

POWER HANDLING 
CAPABILITY! 

OPERATING 

-4 to -)-20 dBm 
(see (ig. 2) 

-(-20 dBm 

MAXIMUM SAFE 

-1-33 dBm 

-f 33 dBm 


FREQUENCY SENSITIVITY 

+dB Variations 


ATTEN (dB) 

FREQUENCY (GHz) 


0.2 to 8.0 


0.2 1012.4 

12.4 to 18.0 1 

M190 

Ml 89 

LM190 

IM189 

M190 

Ml 89 

LM190 

LM189 

M190 

M189| 

10 

Hsm 

0.5 

0.5 

la 


■a 

0.7 

0.7 

1.0 

m 

20 


0.5 

0.5 



mm 

1.2 

1.2 

1.0 

m 

30 

0.7 

0.7 

1.0 

1.0 


la 

2.0 

2.0 

1.0 

la 

40 


1.0 


1.0 

mm 

la 

- 

2.0 


la 

50 


1.0 


1.5 


■a 

— 

2.0 


1.5 

60 


1.0 


2.0 

H 

1.5 

- 

2.5 

H 

1.5 


. BIAS 



Figure 1. Model M19U, Schematic Diagram 


At —F>5 C to 4-25*C, See llgure 5 lor derating factors lor higher icmperaliires. 















































TEMPERATURE 


Figure 2. Maximum Average Operating Power From —65°C 
to +25°C 


Figure 3. Average Power Derating Factors 


BIAS CURRENT REQUIREMENTS 

Model MIS') ±1(X) mA max. 

Model Ml 90 i 50 mA max. 


M189 AND M190 ENVIRONMENTAL SPECIFICATIONS 

Temperature OPERATING: -(i5"Cto +85°C2 

NON OPERA! INC: -65°C to +125°C 
Humidity .MIL-STD-202C;, MolFiod 103B, Cond. B 

(96 hrs. at 95%) 


Shock 

Vibration 

Altitude 


MIL-STD-202C, Method 213, Cond. B 
(75 G, 6 msec) 

MIL-STD-202C, Method 204A, Cond. B (.06" 
double amplitude or 15 G, whichever is less) 
\tlL-STD-202(:, Method 105C, Cond. B (50,000 ft.) 


Temperature 

Cycling MIL-STD-202C, Method 102, Cond. D, 5 cycles 


MODEL 311 SPECIFICATIONS^ 
Nominal Transfer Function 
Linearity of Transfer Curve 

Typical Small Signal Bandwiclfh 

Control Signal Input Voltage 
Range 

Control Signal Input Impedance 
Response Time 

I’lnver Supply Requirements 

Temperature Range 
Operating 
Non-operaling 


lOcIB/volt 

± I dB from 5 dB above insertion 
loss at calibration frequency 

500 kFIz with M186B 
50kFlz with LM186B 

0 to +5 volts dc 
TK ohms (nominal) 

From 5 to 100 //sec depending 
on attenuation change 

-T15V ±0.1%, 125 mA 
-15V ±0.1%, 125 mA 

-55=C to+75'C 
-55C to-i-85=C 


Mllenualors are available for operation to +125°C on special order. 
See option table below'. 

^Specifications listed are for each Model 311 Driver in use. 










STANDARD ATTENUATOR OPTIONS AVAILABLE 


OPTION DESCRIPTION 

4 Solclor-lypc buis lorminals 

7 Two SMA male rf connectors 

10 One SMA male and one SMA female rf connector 

33 EMI filler bias terminals 

3S High-lemperalurc design (+125°C) 


PRICES (QTY 1-9) 


Ml 90, LMT90 


M1B9,LM189 


311 



- .101 (2.6) OIA THRU 
, 2 HOLES 


■(38,1) 


BIAS CONNECTORS (2) 
TYPE SMC male 


BIAS CONNECTORS (2) 
TYPE SMC FEMALE • 


-RF CONNECTORS(2) 
TYPE SMA female 


1 aP" 


5“ “(6,4) 


MODELS MI89AND LMI89 

APPROX WT: 2 0Z, 56,8GM 


r.lOI(2.6)DIA THRU 
\2 HOLES y 


-BIAS CONNECTOR 
TYPE SMC FEMALE 


-BIAS CONNECTOR 
TYPE SMC MALE 


“ L.i 

i 6 VflFC0NNECT0RS(2) 05 <® 

,7)1-- TYPE SMA FEMALE (’l^) 

MODELS MI90ANDLMI90 

APPROX WT: I 02,28,4 6M 



-.188 ( 4 . 78 ) OIA 


.45 T T 
(11.43) 

_ I 

.9u 
( 2 <S 6 ) 


I 1.35 2 

( 34,291 ' “ 

1 2.25 

_t 157 , 15 ) 2 

1.80 , 
|45.72|l 



Notes: Dimensions are in inches and (mm). 

Tolerances unless otherwise indicated: 
.XX ±.02 (0,51) 

.XXX ±.005 (0,13) 


8/15/74 
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SPECIFICATION AND TEST DATA REPORT 


M & L Part No, j 
CuBt. Part No. 
Sar, No. 38o> 
Date jr-^3--7s 


A3O-AS^//0OO - O 


K ft L Order No. 
Teat Eng. 

Q.C. Inspector 


SPECIFICATIONS 


TEST RESULTS 
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-703 l531-5P08. 


range. Mating can be made to the OSM, 
BRM and MICON subminiature connectors. 
Attenuation values from 1 to 30 db are avail¬ 
able from stock. Other values are available 
upon request. 


The Meca "660" series of 50 OHM attenua¬ 
tors are lightweight low power attenuators 
designed to optimize the volume and weight 
parameters. Internal electrical construction 
is of a miniaturized "pi" pad carefully com¬ 
pensated to allow use in the 2000 MCS 


Frequency 0-2000 MCS 
VSWR Maximum 
Power, Average 
Power, Peak 
Impedance 
Attenuation 
Accuracy 

21 to 30 db 


1.30 
IWatt 
500 Watts 
50 OHMS 
1 to 10 db i 1.0^ 
11 to 20 db = l^b 
.Odb 


ELECTRICAL 

CHARACTERISTICS 


Finish 

Temperature 

Connectors 


Stainless Steel 

-55“Cto-fl50"C 

Type OSM, BRM 
Micon 

Element Carbon Composition 


MECHANICAL 

CHARACTERISTICS 


When it comes to attenuators come to 







MINIATURE *^660” SERIES 
ATTENUATOR - 1 WATT 


Dimensions-Weight 


MODEL 

A 

B 

WEIGHT 

660-XX-l 

0.45 in. 

1.45 in. 

0.06 oz. 

660-XX-2 

0.45 in. 

1.45 in. 

0.06 oz. 

660-XX-3 

0.45 in. 

1.75 in. 

0.06 oz. 



INDEX TO MODEL NUMBERS 

660-XX-X 


Attenuator Series 

Attenuation Value 
3, 6,10, 20 

Connector Type 


/ 


Please specify value and type numbers when ordering / 

/\ y 

\ 


PRICING DATA 

MODEL NUMBER CONNECTOR 


'\\ PRICE j 


660-XX-l 

660-XX-2 

660-XX-3 


OSM Male and Female 
BRM Male and Female 
Micon Male and Female 




When it comes to attenuators come to 









MICROWAVE STRIPLINE 
POWER DIVIDERS 

MINIATURE FOUR-WAY 

1.0 GHz-12.4 GHz 


PDIVI-42-G 

SERIES 


Merrimac’s new wideband, in-phase, stripline four- 
way power dividers have many applications in modern 
microwave systems, such as: 

• Electronic countermeasures 

• Microwave landing systems 

• Phased arrays 

• Data communications 




TYPICAL CHARACTERISTICS 
MODEL PDM-42-1.5G 








^__ 


INPUT £ 

OUTPUT 



1.5 

FREQUENCV IN GHz 


PDM-42-1.5G 



—1«-- 

1 — “i 

l«WT 
( ■ 

3- ■ 

i 

4 - 

*D-^ 

Lt 

u 



MINIMUM PERFORMANCE SPECIFICATIONS 


OUTLINES 


MODEL 

PDM-4M.5G 

PDM-42-3.0G 

Frequency Range; 

1.0-2.0 GHz 

2.0-4.0 GHz 

Coupling: 

-6 db 

-6 db 

Isolation; 

20 db 

18 db 

Amplitude Balance; 

±0.2 db 

±0.3 db 

Phase Balance: 

±4.0° 

±3.0° 

Impedance: 

50 ohms 

50 ohms 

Input VSWR; 

1.3:1 

1.5:1 

Output VSWR: 

1.3:1 

1.5:1 

Insertion Loss; 

0.3 db 

0.5 db 

Power (with 1.2:1 loads): 

12 watts 

12 watts 

Connectors (5): 

SMA Female 

SMA Female 

Weight: 

14 oz. (392 grams) 

9 oz. (252 grams) 

PRICE: 

$145.00 

$145.00 

;s 

PDM-42-3.0G 




to.a'! 




For latest outline details, be sure to contact Merrimac. Prices and specifications subject to change without notice. 




• X. 

-fwYi- *r* 




MERRIMAC INDUSTRIES, INCORPORATED 

41 FAIRFIELD PLACE. WEST CALDWELL. N. J. 07006 • (201) 228-3890 • TWX 710-734-4314 
















LX5600/LX5600A, LX5700/LX5700A 



LX5600/LX5600A, LX5700/LX5700A temperature transducers 


general description 

The LX5600/LX5700 series temperature transducers are 
highly accurate temperature measurement or control 
systems for use over a -55 C to +125°C temperature 
range. Fabricated on a single monolithic chip they in* 
elude a temperature sensor, stable voltage reference and 
operational amplifier. 

The output of the LX5600/LX5700 is directly pro¬ 
portional to temperature in degrees Kelvin at 10 mV/‘K. 
Using the internal op amp with external resistors any 
temperature scale factor is easily obtained. By con¬ 
necting the op amp as a comparator, the output will 
switch as the temperature transverses the set-point 
making the device useful as an on-off temperature con¬ 
troller. 

An active shunt regulator is conrsected across the power 
leads to the LX5600/LX5700 to provide a stable voltage 
reference. In addition to providirsg a reference, it 
regulates the operating voltage to 6.8V. This allows the 
use of any power supply voltage with suitable external 
resistors. 

The op amp can amplify the 10 mV/®K from the sensor 
to almost any desired output. The input bias current is 
low and relatively constant with temperature, ensuring 
high accuracy when high source impedance is used. 
Further, the output collector can be returned to a 
voltage higher than 6.8V allowirig the LX5600/LX5700 
to drive lamps and relays from a 28V supply. 


The LX5600 uses the difference in emitter-base voltage 
of transistors operating at different current densities as 
the basic temperature sensitive element. Since this out¬ 
put depends only on transistor matching the same 
reliability and stability as present op amps can be 
expected. 

The LX5600 and LX5600A operate over a -55°C to 
^125*^0 range and are available in 4 lead TO-5 package. 
The LX5700 and LX5700A also operate over the —55^C 
to '<'125 C range and are available in the 4 lead TO-46 
package. 


features 

■ Calibration accuracy of ±4**C over -55?C tQ_+J25!*C_ 

■ Internal op amp with frequency compensation 

■ Linear output of 10 mV/“K (10 mV/°C| 

■ Directly calibrated in degrees Kelvin 

■ Output can drive loads up to 35V 

■ Intern&l stable voltage referertce 

■ Four lead device—minimizing wiring 


block and connection diagrams 



TO-S Malal C«n Paek« 9 « 



NOTI riN4 COMNfCTtO TO CACI 

Ordvt Number LXS600AH or LXS600H 
TO-46 Metal Can Pedceoe 



•Oil aiNacoaafCTioTOCASI 
Order Number LX5700AH or LX5700H 





absolute maximum ratings 

Supply Voltage Internally Regulated 

Supply Current (Externally Set) 10 mA 

Output Collector Voltage 36V 

Input Voltage Range 0Vto+7.0V 

electrical characteristics (Noieu 



PARAMETER 

CONDITIONS 

Output Voltage (Note 2) 

Ta = +25‘‘C 

Output Voltage (Note 21 

T* • -55°C 

Output Voltage (Note 2) 

Ta =+125“C 

Linearity 

AT^+180'’C 

Long Term Stability 

Ta = 125*C 

Repeatability 

Ta ' '25”C 

VOLTAGE REFERENCE 



Reverse Breakdown Voltage 
Reverse Breakdown Voltage 
Change With Current 
Temperature Stability 
Dynamic Impedance 
RMS Noise Voltage 
Long Term Stability 


1 mA ^ Ij ^ 5 mA 
1 mA ^ Ij ^ 5 mA 

1^ * 1 mA 

lOHz^f^lOkHr 
Ta = +125*C 


Output Short Circuit Duration Indefinite 

Operating Temperature Range “55°C to +125°C 

Storage Temperature Range -SB^^C to+150°C 

Lead Temp>erature (Soldering. 10 seconds) SOO'^C 


LX5600A/LX5700A 





MAX 

7.12 

6.55 6.85 

7.25 

25 

10 

35 

60 

20 

as 


Input Bias Current Ta ='*'25“C 35 75 35 150 nA 

Input Bias Current 45 ISO 45 250 nA 

VoltageGain Rj. ' 36k, V*' - 36V 2000 15000 1500 15000 V/V 

Output Leakage Current Ta = 25°C (Note 31 0.2 1.0 2.0 0.2 pA 

Output Leakage Current (Note 31 1.0 50 8.0 1.0 pA 

Output Source Current Vqut^^TIS 10 10 pA 

Output Sink Current 1 V^Vqut^ 36V 2 0 2.0 mA 

Note 1; These specifications apply for —55^C < T/\ < +125*0 and 0.9 mA < IsUPPLY ^ LI mA unless otherwise specified. 

Note 2: The output voltage applies to the basic thermometer configuration with the output and feedback terminals shorted and a load resistance 
of > 1.0 MO. This IS the feedback sense voltage and includes errors in both the sensor and op amp. This voltage >$ specified for the sensor in a 
rapidly stirred oil bath. 

Note 2 : The output leakage current is specified with > 100 mV overdrive Since Ihis voltage changes with temperature, the voltage drive for 
turn<jff changes and is defined as Vqut (with output and input shorted] -100 mV. This specification applies for Vqjjj = 36V. 


application hints 

Although the LX5600/LX5700 were designed to be as 
trouble-free as possible, certain precautions should be 
taken to insure the best possible performance. 

Like any temperature sensor, internal power dissipation 
will raise the sensor temperature above ambient. Nomi 
nal operating current for the shunt regulator is 1.0 mA 
and causes 7.0 mW of power dissipation. In free, still, ait 
this raises the package temperature by about 1,2“K. 
Although the regulator will operate at higher reverse cur¬ 
rents and the output will drive loads up to 5.0 mA, these 
higher currents can raise the sensor temperature over 
19 K above ambient-degrading accuracy. Therefore, the 
sensor should be operated at the lowest possible power 
level. 

With moving air. liquid or surface temperature sensing, 
self heating is not as great a problem since the measured 


media will conduct the heat from the sensor. Also, there 
are many small heat sinks designed for transistors which 
will Improve heat transfer to the sensor from the sur¬ 
rounding medium. A small finned clip-on heat sink is 
quite effective in free-air. It should be mentioned that 
the LX5600 die is on the base of the package and there¬ 
fore coupling to the base is preferrable. 


The internal reference regulator provides a temperature 
stable voltage for offsetting the temperature output or 
setting a comparison point in temperature controllers. 
However, since this reference is at the same temperature 
as the sensor temperature changes will also cause refer¬ 
ence drift. For application where maximum accuracy is 
needed an external reference should be used. Of course, 
for fixed temperature controllers the internal reference 
IS adequate. 


LX5600/LX5600A, LX5700/LX5700A 



















LX5600/LX5600A, l_X5700/LX5700A 












schematic diagram 



typical applications 
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Basic Thatrrtomotar for Positive Supply 
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typical applications (con't) 


Ext«rn«l FrM|u«ncv Comp^niatipn 
for GrMt«r StibNity 
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Basic Tamparalura Controllar 


Tamparatura Controllar With Hyttarasrs 


Kaivin Tharmomatar With 
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LX5600/LX5600A, LX5700/LX5700A 


typical applications (con't) 


Ov«r Tamparatuf* D«l*cton With Common Output 


IIV 



Tamparatura Controllar Driving TRtAC 





Low Duly Cycle Thermometer 



68 











typical applications (con't) 


OiffcrcftlMl Th«ffnom«t«r 
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definition of terms 

Output VoiU9e: The voltage referred to the V* 
terminal from the output termirial with the input and 
output connected. {This voltage is the temperature out¬ 
put of the LX5600 and so includes errors in the sensor 
section and op amp section.} 

Linearity: The deviation in output voltage from a 
straight line output over a specified temperature 
excursion. 

Revarstf Breakdown Voltage: The voltage appearing 
between the V* and V~ terminals at a specified current 


Temperature Stability: The percentage in output 
voltage for a thermal variation from room temperature 
to either temperature extrerrie. 

Output Source Current: The current available to flow 
into a load from the output to V~, over a specified 
output voltage range. 

Output Sink Current: The current available to flow into 
a load from a positive supply over a specified output 
voltage range. 





CRYSTAL DIODE DETECTOR 
MODEL 20090 



OSM Model 20090 Miniature Coaxial Crystal Detectors 
are designed for the detection of CW, square wave, pulse 
and frequency-modulated microwave signals. They may 
be used to monitor power level or modulation wave 
shape: as constant level or sensitive null indicator; or as 
general purpose indicator of microwave signals. 

Model 20090 is an ultra-compact, untuned detector 
which mates with all OSM miniature connectors. These 


units are supplied with replaceable crystals. The untuned 
mount allows operation over a very wide frequency range 
without any adjustment. Video output capacitance is 
less than 15 picofarads. A 50 ohm dc return path for 
the^detector current is integral with the mount. The out¬ 
put is negative with respect to the housing. The units 
are supplied with an Omni Spectra part number 5447-4 
diode. 


ELECTRICAL 

Frequency Range: 
Sensitivity: 

Output Capacitance: 
Output Polarity: 
Temperature Range: 

' Usable to 18GHz 


SPECIFICATIONS 

10 MHz - 12.4 GHz* 
300 mV/mW Typical 
15 Picofarads Maximum 
Negative 

• 30°Cto + 70“C 


MECHANICAL 

Weight; 

Overall Length; 

Diameter: 

Connectors: 

Finish: 


SPECIFICATIONS 

0.6 ounces (17.0 g) 

2.0 inches (50.8 mm) 

3/8 inches (9.5 mm) 

Input - OSM Plug 
Output - OSM Jack 

Gold 


OSI Model 20090R is identical to Model 20090 but has positive output. 
OSI Model 20090M is a pair of Model 20090 Detectors that will track 
within ±0.8dB over any specified octave band. 

(Specify band when ordering.) 
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COAXIAL POWER DIVIDERS, TWO-WAY, ISOLATED 

MODEL 204924 

MODEL 20493 

MOOEL 20494 

MODEL 204957 




OSM Miniature Isolated Power Dividers function as sum 
and difference hybrids, or Magic Tees, with the difference 
port internally terminated. An input RF signal is divided 
into two equal amplitude and equal phase outputs. The 
outputs are highly isolated and all ports are matched. 


A ceramic microstrip construction is utilized to achieve 
small size and high performance. 

The units may also be used as power combiners. For 
complete information send for Application Note No.l75. 


SPECIFICATIONS 



Model Na*_ 

■I- ■-•fS.4' 

Range (OHz) 

Inearltofi 

Lace (dB) ^ 

Trocking Error (AAox.) 

vswt 

Mom. 

ttoloHofi 

-WD . 

Min. ^ 

Temp. 

Range 

CP 

Walght 

Flnleh 

.sv Amplitude 

,! w») 

PKoea 

(Dagreee)V^,> 

at 

9 

— 

" 204924 

0.9 • 4.0 

1.0 

0.3 

5.0 

1.5 

18 





> 

r 20493 

1.0 - 2.0 

0.4 

0.2 

2.0 

1.35 

20 

-54 





^0494 

2.0 • 4.0 

0.6 

0.2 

4.0 

1.30 

20 

to 

1.3 

37.0 

Gold 

■ 

204957 

4.0 -18.0 

0.1 fGHz 

0.3 

1.0 fGHz 

1.60 

18 

4-85 






2W input, when arbitrarily terminated. 

20W input, with output load VSWR 2.0:1. 



24600 Hailwood Ct. a Farmington, Michigan 48024 • Tel. (313) 477-1234 a TWX 810—242-1463 




















MINIATURE DIRECTIONAL COUPLERS 

s* -• 

IC: " ON i ALUMINA SUBSTRATES ■Jfli 


ions 

Sgrs' 


DC911ZVJLI 














































